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Chapter 1
Introduction

1.1 Purpose

The purpose of this document is to provide guidance to Ecology staff on implementing Part V,
Sediment Cleanup Standards, of the Sediment Management Standards (SMS), Chapter 173-204
WAC. This document is intended for use by Ecology staff in implementing the sediment cleanup
decision process for contaminated sediments in Washington State.

1.2 Framework of the SMS Rule

The SMS rule was adopted in 1991 and revised in 1995 and 2013. The most recent revisions
focus on Part V and the definitions sections of the SMS rule, and include:

e Clarifying requirements for protection of human health from sediment contamination.

e Integrating the SMS and Model Toxics Control Act (MTCA), Chapter 173-340 WAC
cleanup requirements where feasible.

¢ Clarifying requirements for protection of higher trophic level species from sediment
contamination.

e Promulgating numeric chemical and biological standards for freshwater sediment to
protect the benthic community.

The goal of the SMS is to reduce and ultimately eliminate adverse effects on biological resources
and threats to human health from surface sediment contamination. The sediment cleanup
decision process governs the cleanup of contaminated sediment sites, including how sites are
identified, investigated, cleaned up, and monitored.

The Model Toxics Control Act, Chapter 70.105D RCW, authorizes Ecology to regulate
environmental cleanups and is one of the implementing authorities for the SMS. The SMS
provides Ecology with a uniform set of procedures and requirements for managing contaminated
sediments. The goals of the SMS may be achieved by coordinating activities to comply with
other state and federal statutes, such as the MTCA; Water Pollution Control Act (WPCA);
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA); and State
Environmental Policy Act (SEPA).
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The SMS rule has five sections:

Part I: General Information. Includes anti-degradation and administrative polices.
Part I1: Definitions. These definitions apply to Parts I-V of the rule.

Part I11: Sediment Quality Standards. This section has numeric chemical and biological
benthic criteria for marine sediments. In addition, there are narrative standards for the
freshwater benthic community and protection of human health. The Sediment Quality
Standards (SQS) correspond to the long-term goals for sediment quality in Washington
State. Sediments that meet the SQS criteria are expected to have no adverse effects on
biological resources. The numeric SQS are based on chemical criteria and the results of
biological testing and may be revised as new data are developed regarding the toxicity of
contaminants in sediment.

Part IV: Sediment Source Control. This section includes a process for managing sources
of sediment contamination. This portion of the rule includes:

e Mechanisms for verifying that discharges (under the National Pollution Discharge
Elimination System, or NPDES) with the potential to impact receiving sediments
have received all known, available, and reasonable methods of prevention, control,
and treatment prior to discharge and the application of best management practices.

e Monitoring procedures necessary for evaluating the potential for a discharge to
impact receiving sediments.

e Procedures for determining whether a source is eligible for a sediment impact zone,
which would authorize the receiving sediments to exceed the SQS.

e Methods for determining what restrictions (e.g., on size or level of contamination)
would apply if such a sediment impact zone is authorized.

e Managing dredged material disposal activities.

Part V: Sediment Cleanup Standards. This part of the rule is promulgated under MTCA
only. The goal of the sediment cleanup decision process is to provide a framework for
timely decisions and expeditious cleanup of contaminated sediment sites (Figure 1-1). This
includes a decision process for:

e Identification of contaminated sites (WAC 173-204-510 through 173-204-530).

e Determining the appropriate regulatory authority for cleanup and compliance with
other authorities (WAC 173-204-540 and 173-204-580).
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e Procedures for conducting a remedial investigation and feasibility study (WAC
173-204-550).

e Procedures for selecting appropriate cleanup standards on a site-specific basis
(WAC 173-204-560 through 173-204-564).

e Procedures for selecting appropriate cleanup alternatives and compliance and
monitoring requirements (WAC 173-204-570).

e Establishment of sediment recovery zones (WAC 173-204-590).

1.3 Organization of this Guidance Document

The remaining chapters of this guidance document follow the organization of the sediment
cleanup decision process presented in Part V, Sediment Cleanup Standards, depicted in Figure 1-

1.

Chapters 2 through 6 address Remedial Investigation (RI) tasks:

Chapter 2 describes site identification and screening of chemicals of concern.
Chapter 3 describes field sampling procedures and requirements.
Chapter 4 discusses chemical and biological analyses.

Chapter 5 identifies quality assurance and quality control (QA/QC) requirements for
chemical analyses and biological testing.

Chapter 6 describes data analysis methods, and record keeping and reporting requirements.

Chapters 7 through11 describe the development of site-specific cleanup standards:

Chapter 7 presents the framework and overall process of establishing sediment cleanup
standards.

Chapter 8 presents the benthic criteria for marine and freshwater sediment environments.

Chapter 9 describes methods for developing site-specific risk-based concentrations for
protection of human health and ecological receptors from bioaccumulative chemicals.

Chapter 10 describes how to determine and apply natural and regional background
concentrations.
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e Chapter 11 describes the development of practical quantitation limit (PQL)-based cleanup
standards.

Chapters 12 through 15 address the Feasibility Study (FS), cleanup, and compliance monitoring:
e Chapter 12 addresses delineation of site boundaries and site units.
e Chapter 13 discusses technologies and selection of cleanup alternatives for sediments.
e Chapter 14 describes the requirements associated with sediment recovery zones.

e Chapter 15 describes compliance monitoring and statistical methods for determining
compliance.

Additional information and site-specific assistance can be obtained by contacting the sediment
specialists listed in Appendix A.
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Chapter 2
Site Identification, Conceptual Site Model,
Screening Chemicals of Concern: WAC 173-204-
520 and 173-204-560

Introduction

This chapter presents a process for identification of a sediment cleanup site, development of a
Conceptual Site Model (CSM), and screening chemicals of concern (CoCs) as follows (Figure 2-
1):

e Step 1: Identify station clusters of potential concern (Section 2.1 and WAC 173-204-510
through 173-204-520).

e Step 2: Develop a site-specific CSM and identify the Reasonable Maximum Exposure
(RME) Scenario (Section 2.2 and WAC 173-204-561(2)).

e Step 3: Screen CoCs to carry through the RI/FS process (Section 2.3 and WAC 173-204-
560).

Each of these steps takes place prior to or at the beginning of the RI/FS process. These activities
identify how much is known about the site, what resources are at risk, what data gaps need to be
filled, and at a conceptual level, what activities need to be conducted during the RI.

Data that are less than 10 years old are preferable to use in this process. Older data may not be
representative of current site conditions because of various processes that may affect natural
recovery or potential new or ongoing sources of contamination. This is particularly true if the
source of contamination is known or suspected to be historical, the chemicals of concern
degrade rapidly in the environment, or if the area has a high sedimentation rate. Older data may
be used at the discretion of Ecology. However, if such data are used to identify sediment cleanup
sites, additional effort during the remedial investigation should be placed on collecting data that
are more representative of current conditions.
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2.1 Site Identification

The site identification process involves using station clusters to characterize sediments of
potential or low concern. The purpose of WAC 173-204-510 through 173-204-520 is to identify
sediment stations of potential concern (stations clusters that exceed the CSL) and sediment
stations of low concern (station clusters above the SCO but below the CSL). A station cluster is
defined as any number of stations that are determined to be spatially and chemically similar. The
following site identification procedures assume that adequate data has been collected from an
area where a known or suspected release of contaminants has occurred. If there has not been
adequate sampling or an initial investigation with sparsely distributed sampling stations is not
conclusive on the lateral and vertical extent of contamination or biological effects, additional
sampling may be required before conducting the following site identification procedures.

2.1.1 Identifying cleanup sites based on benthic criteria

This section describes the process for identifying cleanup sites using the benthic criteria in WAC
173-204-562 and 173-204-563 and Chapter 8. Part V of the SMS provides a stepwise process for
identifying sediment stations of potential concern (WAC 173-204-510) and further site
evaluation and identification of cleanup sites (WAC 173-204-520), detailed below and in Figure
2-2.

The SMS rule has a two-tiered decision-making framework to protect the function and integrity
of the benthic community. The SCO includes chemical and biological criteria that represent
levels predicted to have no adverse non-bioaccumulative effects on the macroinvertebrate
community, representing the long-term sediment quality goal. The higher CSL includes criteria
that predict minor adverse effects on the macroinvertebrate community. These chemical and
biological criteria are used for the initial investigation, site identification, and cleanup.

Station clusters of potential concern are identified either by screening with the chemical or
biological criteria as follows:

Step 1. Chemical Data. For stations with detected chemicals in sediment, the three
stations with the highest chemical concentrations for each chemical are averaged.
If the average for any chemical exceeds its CSL criterion, that station cluster is of
potential concern and can be identified as a cleanup site. This procedure may be
repeated for multiple chemicals, recognizing that the three stations with the
highest concentrations for different chemical may be different and the respective
areas for all chemicals may overlap.

Step 2. Bioassay Override (Optional). If a station cluster of potential concern is identified
in Step 1, bioassay testing may be performed to confirm or override the chemical
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criteria results. Alternatively, chemical analysis and biological testing may be
conducted concurrently.

Step 3. Biological Data. For stations with bioassay results, each station is compared to
the CSL criteria. If at least three stations exceed the CSL biological criteria, then
the station cluster is of potential concern and can be identified as a cleanup site.

Step 4. Station Clusters of Low Concern. If Steps 1-3 do not result in identification of a
station cluster of potential concern, then it is identified as a station cluster of low
concern and the chemicals are not considered chemicals of concern for non-
bioaccumulative benthic effects. They do not require further evaluation unless
new information indicates an increase in chemical concentrations (173-204-510).

Step 5. Station Clusters of Potential Concern. Station clusters of potential concern
identified in steps 1-3 may be further evaluated for potential cleanup site listing
using the procedures in WAC 173-204-530 and detailed below.

2.1.2 Identifying cleanup sites based on bioaccumulative criteria

This section describes the process for identifying potential cleanup sites using the criteria for
bioaccumulative effects in WAC 173-204-560, 173-204-561, and 173-204-564. Part V of the
SMS provides a stepwise process for identifying sediment stations of potential concern (WAC
173-204-510) and further site evaluation and identification of cleanup sites (WAC 173-204-520),
detailed below.

Consistent with the benthic criteria, the SMS rule has a two-tiered decision-making framework to
protect both human health and the environment from bioaccumulative effects (Figure 2-2). The
SCO includes criteria that represent the long-term sediment quality goal. The higher CSL
includes criteria used for the initial investigation, site identification, and cleanup.

Station clusters of potential concern are identified if at least three stations exceed the
bioaccumulative CSL identified in WAC 173-204-520(2)(d) and Figure 2-1. These values may
include human health risk-based values and/or ecological risk-based values, or natural
background or PQLs if higher than the risk-based values. These station clusters of potential
concern may be identified as potential cleanup sites and may require further screening and
evaluation (Section 2.3 and Figure 2-3).

2.2 Conceptual Site Model

After a cleanup site has been identified in Section 2.1, a CSM should be developed as part of the
Remedial Investigation/Feasibility Study. This section includes the general process and
requirements to assist in developing a CSM (Figure 2-4). The goal of the CSM is to accurately
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identify distributions of contaminants, release mechanisms, migration routes, potential human
and ecological receptors, and potential and complete exposure pathways for the site which is
then used to develop screening levels and cleanup standards.

The initial CSM developed before the RI/FS is used to concisely summarize what is known
about the site and to identify aspects that need to be studied further. This forms the basis of a
Data Gaps Report or similar section in the Rl Work Plan that provides the rationale for field
investigations and laboratory testing.

Development of a CSM is an iterative process and will change as new information is gathered
during the RI/FS (Chapters 3 and 12). A final CSM should integrate the following information:

e Historical and existing site information

e Physical and habitat features at the site

e Sources of contaminants

e Release and transport pathways

e Current distribution of contaminants and/or toxicity

e Land and water use determination

e Potential and currently exposed receptors (ecological and human populations)
e Potential and current exposure scenarios

A CSM may be presented as a graphic figure showing the interrelated elements of the site, as a
chart or summary table with each of the above elements, or as a narrative (a combination of the
above is often effective).

2.2.1 Potential and current receptors and exposure pathways

When identifying receptors and exposure pathways, sources from both contaminated sediment
and contaminated upland sources should be assessed. If the contaminated sediment site has a
contaminated upland component, and most do, soil and groundwater media should be part of the
CSM. This chapter will focus on the aquatic receptors and exposure pathways from contaminated
sediment. This initial evaluation of receptors and exposure pathways is refined after the RI is
complete, but needs to be conducted as part of the Rl Work Plan to identify potential
contaminants of concern (CoCs) for special focus in the Rl and to determine analytical and
QA/QC requirements.
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2.2.1.1 Receptors and exposure pathways from contaminated sediment

The following are some relatively common exposure pathways for which contaminated sediment
may be a potential concern:

e Benthic community. Exposure of benthic species (e.g. shellfish, etc. living in or on the
sediments) in the biologically active zone to contaminated sediment.

e Higher trophic level species.

o Ingestion by higher trophic level species (e.g. fish, aquatic birds, mammals) of
benthic species exposed to contaminated sediment.

o Ingestion by higher trophic level species (e.g. fish, aquatic birds, mammals) of
fish exposed to contaminated sediment or benthic prey.

e Humans.

o Ingestion by humans of aquatic life (e.g. fish and shellfish) exposed to
contaminated sediment.

o Incidental ingestion or direct contact by humans with contaminated sediment.
2.2.1.2 Sources of contamination to sediment

The CSM should include potential and current sources of contamination to sediment. This can
include contaminated soil, point source or stormwater discharges, groundwater, or an upland
activity such as dock or shipyard operations.

2.2.2 Reasonable maximum exposure scenario

The Reasonable Maximum Exposure Scenario (RME) is a key component of a CSM to assess
exposure to humans from sediment contamination. The RME refers to the highest exposure for
human health risk that is reasonably expected to occur at a site under current and potential future
land use (WAC 173-204-561(2)(b)). The RME Scenario is intended to represent a high-end (but
not worst case) estimate of individual exposures. It provides a health-protective estimate that
falls within a realistic range of exposures. The RME is defined as reasonable because it is a
product of several factors that are an appropriate mix of average and upper-bound estimates.
RME estimates typically fall between the 90™ and 99.9™ percentile of the exposure distribution.

The RME should be based on tribal consumption of fish and shellfish but can be modified based
on site-specific information and upon Ecology approval. This process requires communication
between Ecology, the liable persons, tribes, and stakeholders to identify the exposed populations,
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complete exposure pathways (e.g., consumption of fish/shellfish, ingestion of sediment, etc.),
and exposure parameters that should be used to develops screening levels and cleanup standards.

Ecology has developed an RME for typical sediment sites in Washington State (see Figure 2-5)
based on tribal exposure, which includes the following exposure pathways and exposed
populations (WAC 173-204-561(2)(b)(i); Ecology, 2012):

e Fish/Shellfish Ingestion Pathway RME Scenarios
o Suquamish Tribal Adult
o Tulalip Tribal Adult
o Columbia River Tribal Adult
e Sediment Ingestion and Dermal Contact RME Scenarios
o Beach Playing Child
o Subsistence Tribal Clam Digging Adult
o Subsistence Tribal Net Fishing Adult

Ecology’s default RME Scenario is applicable to the majority of sediment sites in Washington
State. However, it may not be applicable to:

e Some freshwater sites (e.g., alpine lakes that have a reduced fishing season due to
extreme weather conditions or areas managed for recreation or wilderness).

e Sites with unique site-specific characteristics that may influence human exposure.
e Wetlands or small streams in which fish/shellfish are not present or are limited.

e Sites where access is limited or not possible (e.g., private property or no physical
access).

2.2.3 Identify the site-specific RME scenario

Ecology’s default RME Scenario in Figure 2-5 should be used as the basis for evaluating human
health risks at sediment sites and may be modified based on site-specific information. Ecology
will work with the liable persons, tribes, and stakeholders develop to the RME Scenario by
evaluating site-specific exposure parameters for potentially-exposed populations. This will help
facilitate input concerning potentially-exposed populations, exposure routes, and likely risks at
the site, and allow modification of the site-specific CSM and RME as needed.
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This process is important because a wide range of potential exposures (e.g., adult versus child)
may exist which could result in significantly different risks. If the assumptions used to calculate
screening levels and cleanup standards per the default RME Scenario are not consistent with the
site-specific RME Scenario, then they should be modified to reflect the site-specific RME
Scenario. It also is important to evaluate each potential exposure pathways at the site to
determine if it is complete or incomplete. In some instances, an exposure pathway may not be
complete (e.g., ingestion of sediment may not be a complete exposure pathway at a specific site
due to steep banks or sediments being capped) and should not be included in the development of
cleanup standards. Specific considerations that Ecology site managers should include when
identifying the site-specific RME Scenario are presented in Table 2-1. Equations and the default
RME Scenario exposure parameters for calculating human health risks and risk-based
concentrations are presented in Chapter 9, Tables 9-1 and 9-2.

2.3 Screening Chemicals of Concern
2.3.1 Introduction

Once a sediment cleanup site has been identified, a screening evaluation is conducted to identify
chemicals of concern that need to be investigated during the remedial investigation. There are
three basic lines of evidence that may be used for comparing risk-based values to concentrations
in sediments:

e Benthic SCO and CSL criteria
e Higher trophic level risk-based values
e Human health risk-based values

Figure 2-3 includes a process for screening chemicals and Table 2-2 includes screening values
that may be used in this process. Table 2-2 includes numeric benthic sediment criteria as well as
target tissue levels that represent bioaccumulative risk-based concentrations for humans, fish,
and aquatic-dependent wildlife such as birds and mammals. It should be noted that development
of site-specific screening levels may be warranted, for example, to address site-specific fish
consumption rates or wildlife species that are present. In addition, these screening values do not
necessarily represent the final cleanup standards that will be developed site-specifically during
the RI/FS once all the data have been collected.

The SMS rule requires a cleanup standard to be established for sediment, which is the point of
compliance. However, tissue chemistry may be used in a weight-of-evidence approach to screen
chemicals of concern (WAC 173-204-500(4)(e); 173-204-560(6)(b)), e.g., by comparison to risk-
based concentrations in tissue and/or natural background concentrations in tissue.
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2.3.2. Benthic screening criteria

As detailed above, the benthic CSL values are used to identify sites based on risks to the benthic
community. Once a site has been identified, the SCO will be used to screen chemicals of concern
in sediment. If stations exist that have biological criteria exceedances, and the site manager
suspects the toxicity is due to contaminants that are not included in Table 2-2, then those stations
and contaminants should be included in the RI/FS for further investigation to determine
appropriate cleanup levels.

2.3.3 Bioaccumulative screening levels

Data for bioaccumulative chemicals may be obtained from sediments at the site or from tissue
collected from the site. Sediment chemistry should be compared to sediment natural background
concentrations or risk-based concentrations, whichever are higher, to screen chemicals of
concern. Tissue data may be compared to the target tissue levels in Table 2-2 for screening.

Any tissue collected must be from species that have sufficient site fidelity and are associated
with sediment rather than a pelagic species. Sedentary species that have a close association with
sediment are preferred, such as deposit-feeding clams. Site tissue data may be compared to the
target tissue levels in Table 1 to determine which receptors are at risk from a particular chemical.
It should be verified that the particular ecological receptors in Table 2-2 exist, or have the
potential to exist, at the site by referring to the CSM (screening levels specific to indicator
species are listed in Appendix H). Any chemicals in tissue from the site above the lowest target
tissue level may also be compared to tissue natural background concentrations, if available, to
determine whether the concentrations are similar to or above natural background. Alternatively,
tissue screening levels for human health risk may be calculated site-specifically using the Part A
of the equations in Chapter 9.
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Figure 2-1. Process for identifying station clusters of potential concern as cleanup sites or potential
cleanup sites for further evaluation.
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Figure 2-2. SMS framework for establishing the Sediment Cleanup Objective and the Cleanup Screening
Level, used to identify sediment cleanup sites, evaluate sediment cleanup sites, and establish sediment
cleanup standards. The risk based concentrations information shown is for human health, assuming
those concentrations are lower than ecological risk. The risk based concentration would be the lowest of
ecological or human health risk.
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Figure 2-3. Screening bioaccumulative chemicals of concern at an identified sediment cleanup site.
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Figure 2-4. Example of a CSM for evaluating current and potential receptors and exposure pathways at sediment cleanup sites.
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Potential Receptor
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Vg::(ri]llrnn:nstc'smurcf);c‘zﬁ Fish/Shellfish - l:l - l:l be considered for evaluation in the HHRA.
Incidental Ingestion
of Sediment l:l - - D Children who play at a beach should be considered
for evaluation in the HHRA at sites with sediments
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L1 surface Water Surface water should be evaluated per MTCA
WAC 173-340-730.
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- Complete and quantified pathway
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Notes:

L Includes tribal consumers, general subsistence consumers, and recreational consumers.
2 Includes subsistence clam digger and recreational clam digger.

3 Typical point of compliance based on WAC 173-204-500(5)(a)(i)(A)(ii), dependent on site-specific parameters.

Figure 2-5. Recommended default RME for evaluating human health risk at sediment cleanup sites.
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Table 2-1. Factors to consider when developing the site specific CSM and RME Scenario.

Key Questions for Modifying a

CSM and RME Yes/No Action
Yes: | No action is required.
Action is required.
_Avre all potential receptors If possible, obtain site-specific information regarding habitat,
identified in the site-specific the activity patterns for the human population (e.g.,
CSM and RME addressed in No: fish/shellfish consumption rates, body weights,

Figures 2-4 and 2-5? " | fishing/harvesting frequencies, etc.). The goal is to determine
if Ecology’s Default RME Scenario can be used to develop
screening levels and cleanup standards that are protective of
this population or if they need to be developed based on a
site-specific RME Scenario.

Yes:  No action is required.
Action is required.
Are all complete exposure
pathways identified in the site- If there are additional exposure pathways or potential
specific CSM and RME exposure pathways identified in the CSM, then these
addressed in Figures 2-4 and 2-  No:  exposure pathways should be included in the site-specific
5? RME Scenario used to develop the screening levels and
cleanup standards. This may require additional research/ and
information to identify exposure parameters that are
appropriate for evaluating the site-specific RME Scenario.
Yes:  No action is required.
Action is required.
Are the default RME Scenario The exposure parameters should be modified as necessary to
exposure parameters (Chapter ensure that the RME Scenario used as the basis for
9, Tables 9-1 and 9-2)) developing screening levels and cleanup standards is
appropriate for evaluating the No:  Protective of all exposed populations from the site. For

site-specific RME Scenario?

example, if the site is located in a tribal U&A that is not
represented in the default RME Scenario — AND —scientific
information is available that documents fish/shellfish
consumption rates or other parameters (e.g., body weight) for
that tribe, then these site-specific exposure parameters should
be used to calculate screening levels and cleanup standards.
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Chapter 2

Table 2-2. Values for comparison when conducting CoC screening. Values include freshwater and marine benthic criteria, target tissue levels for higher trophic level species, example human health risk-based concentrations, and MTCA TEE
values.

SMS Ereshwater Sediment SHS Marine Seﬂimanf Marine Sediment AFTs" IMTCA Soil simplified TEE (drﬂ MTCA Soil Ecological Indicator Target Tissue Levels

Analyte SCO CcsL SQS/SCO CSL/SEMax SCO CSL/SEMax || unrestricted | industrial | plants | soilbiota | wildlife | Agquatic life “q”a‘L;:iTi’;:“de“‘ Human
Conventional Pollutants mgky dry wit
Armmonia 230 300
Total suffides 39 61
Metals (mykg) mydkg dry wi mg/ky dry wi mg/kg dry wt mgdkg dry wi muyky dry wt my/ky wet wt
Arsenic 14 120 57 g3 57 a3 20/95° 202605 NAND NABDT| 71327 27] 115E-04
Cadmium 21 54 5.1 67 51 6.7 25 36 4 20 14 1.62E-01
Chrarmiurm 72 a2 260 270 260 270 42 135 42 42 67
Copper 400 1200 350 390 350 350 100 S50Q 100 50 217
Lead 360 =1300 450 530 450 530 220 2204 a0 500 118 2
Mercury 0kB 085 0.41 059 0.41 0.59 807" 9075 03MA® O1MAS|  5504° a.11 ooz
methyl mercury 1.62E-02
Mickel 25 110 140 140 100 1550§ 30 200 580
Selenium 11 =20 045 iE | 1 70 03 78 035 346E-02
Silver 0a7 1.7 5.1 5.1 .1 g.1 2
Zinc 3200 = 4200 410 930 410 930 270 5704 (215} 200 350
Organometallics poky dry wt mg/ky wet wt
Monobutylin 240 = 4300
Dibutyltin 210 130000
Tributyltin 47 320 0.02 82| 485E02
Tetrabutylin 97 =97
Organic Chemicals pu/ky drt wt my/kg OC normalized puky drt wi mudkg dry wi
2 4-dimethylphenal 29 29 29 29
2-Methylphenal 5% ] 53 63 63
4-Methylphenal 260 2000 570 570 570 570
Benzoic acid 2900 3800 550 g50 550 G50
benzyl alcahal a7 73 57 73
Dibenzofuran 200 G50 15" 537 540 540
Phenol 120 210 420 1200 420 1200
M-nitro sod ip henylarmine 11* 117 28 40 20000
Phthalates pu'ky drt wt my/kg OC normalized pudky drt wit mudeg dry wi mudeg dry wi
bis(2-Ethylhexyl)p hthalate 500 22000 47 78 1300 3100
butylbenzyl phthalate 4.9 54 B3 900
diethyl phthalate 51 110 200 =1200 100000
dimethyl phthalate a3 53 71 160 200000
Di-n- butyl phthalate 350 450 220 1700 1400 5100 200000 200000
Di-r-octyl phthalate 39 1100 55 4500 5200 5200

2 All freshwater SMS values are dry weight normalized.

® Marine SMS values are dry weight normalized for metals and polar organics and normalized to total organic carbon for nonpolar organics.
° Dry weight normalized AETs can be used when total organic carbon is outside the recommended range for organic carbon normalization.
¢ Aslll/As IV values

¢ Mercury, inorganic/organic

> “Greater than” value indicates that the toxic level is unknown, but above the concentration shown.

* Dibenzofuran and N-nitrosodiphenylamine SMS values are mg/kg OC, and pentachlorophenol is in °ug/kg dry wt
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Table 2-2 (continued): Values for comparison when conducting CoC screening. Values include freshwater and marine benthic criteria, target tissue levels for higher trophic level species, example human health risk-based concentrations, and

MTCA TEE values.
5 1 SHS Marin Sedimant Marine Sediment AFTS" MTCA Soil simplified TEE (dryf] MTCA Soil Ecological Indicator Target Tissue Levels
Analyte SCO CsL SQS/SCO CSL/SEMax SCO CSL/SEZMax unrestricted | industrial | plants | soilbiota | wildiife | Aquatic life Aq“at:n'ji:ﬁi*;z“de“t Human
Pesticides pgkg drt wt mg/kyg OC normalized pogkyg drt wt mgdg dry wt mgky dry wt muky wet wt
Aldrin 170 170 100
beta-Hexachlorocyclohexane 7.2 1 10000 10000 G000 577E-D
Carbazole 200 1100
chlordane 1000 7000 1000 2700 026] 3.46E-01
Dieldrin 4.9 93 170 170 70 009 345
Endrin ketane 8.5]™
Endosulfan 2.85E-02
heptachlor/heptachlor epoxide E00 &00 400
methoxychlor 3 46E-02
sum OOT (DDD DDE DOT) 1000 1000 750 .09 001 3.46E-01
Total Aroclors 10 2500 12 65 130 1000] 2000 2000 40000 G50 144 004 BE5E-05
Totalo, o' and p,p' DDDs 310 860
Totalo, o' and p,p' DDEs 21 910
Totalo, 0" and p,p' DDTs 100 G100
Polycyclic Aromatic Hydrocarbons po’ky drt wit mg/kg OC normalized pogky drt wt mg/dg dry wi mgyg dry wi mg/kg wet wit
Total PAHSs 17000 30000
LPAH 370 780 5200 520048
Maphthalene 99 170 2100 21DD|
Acenaphthylene =5 515 1300 13EIEII
Acenaphthene 16 57 500 GDDI 20000
Fluorene 23 79 540 5:1[!' 30000 410 4.33E-03
Phenanthrene 100 430 1500 1500'
Anthracene 220 1200 Elall] BEDI
2-Methylnaphthalene 3B G4 670 E?DI
Total HPAH 960 5300 12000 1?EIIZ|IZII
Fluoranthene 160 1200 1700 25E|IZII 38| 433E-03
Pyrene 1000 1400 2600 33E|IZII 38| A77EO3
Benz[alanthracene 110 270 1300 1EEIEII
Chrysene 110 460 1400 QBDDI
Total benzofluoranthenes 230 450 3200 SEDDI
Benzolalpyrene 95 210 1600 1EE|EII 30000 300000 12000
Indena[1,2 3-c dlpyrens 34 88 600 EBDI
Dibenzala hlanthracene 12 33 230 23[!'
Benzo[g,hi]perylene 31 75 570 7204
cPAHs (mgdkg) 257 E-05
Bulk Petroleum Hydrocarbons mgdkg dry wi myky dry wit mg/kg dry wi
TPH-Diesel 340 510 200 12000 100 5000
TPH-Residual 3600 a400 450 15000 200 G000

& All freshwater SMS values are dry weight normalized.

® Marine SMS values are dry weight normalized for metals and polar organics and normalized to total organic carbon for nonpolar organics.

° Dry weight normalized AETs can be used when total organic carbon is outside the recommended range for organic carbon normalization.

> “Greater than” value indicates that the toxic level is unknown, but above the concentration shown.

** No CSL value.
A Lipid normalized.
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Table 2-2 (continued): Values for comparison when conducting CoC screening. Values include freshwater and marine benthic criteria, target tissue levels for higher trophic level species, example human health risk-based concentrations, and

MTCA TEE values.
@ SHS Man'np_sﬂdimpnP t AF T MTCA Soil simplified TEE {dryf] MTCA Saoil Ecological Indicator Target Tissue Levels
Analyte S0S/SCO CSL/SZMax sCo CSL/SEMax | unrestricted | industrial | plants | soilbiota | wildlife | Aquatic life ‘”“‘“a‘:“‘;‘m:“d"“‘ Human
Chlorinated Organics ugdg dry wi my/ky OC {except ™) ug/ky dry wt myg/ky dry wt my’kg dry wt my/ky wet wt
1.2 d-trichlorobenzene 0.81 1.8 31 51 20000
1. 2-dichlorobenzene 2.3 2.3 35 a0 20000
1 4-dichlorobenzena 31 =] 110 110 20000
hexachlorohenzene 0.38 2.3 22 70 31000 31000 17000 2 16E-01
hexachlorabutatdiens 39 6.2 1 120
Pentachloraphenaol 1200 = 1200 360" Fa0* 360 550 11000 11000 300 500 4500 0.001 8.1] 5.77E-03
Dioxins/Furans/coplanar PCBs TEQ mgky dry wt mugky dry wit mig/ky wet wt
chlorinated dibenzo-p-dioxins (total) 0.005 0005 0.002
chlorinated dibenzofurans 0.003 0003 0.002
sum TCDD/TCOF TEQ 5 00E-07| 1.15E-08

& All freshwater SMS values are dry weight normalized.

® Marine SMS values are dry weight normalized for metals and polar organics and normalized to total organic carbon for nonpolar organics.
° Dry weight normalized AETs can be used when total organic carbon is outside the recommended range for organic carbon normalization.
> “Greater than” value indicates that the toxic level is unknown, but above the concentration shown.

* Pentachlorophenol is in pg/kg dry wt.
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Chapter 3
Remedial Investigations and Field Sampling
Methods

Chapters 3 through 6 provide technical guidance for sediment investigations conducted under the
SMS. This chapter focuses on the development of sampling plans for initial investigations and
remedial investigations, design of the sampling program, and methods for carrying out field
sampling. Chapter 4 provides analytical and test methods for chemistry, bioassays, and
bioaccumulation tests. Chapter 5 provides information on quality assurance and quality control
(QA/QC), and Chapter 6 provides information on data analysis, reporting, and record keeping.

Technical guidance on various aspects of sediment sampling and analysis procedures for the
design and implementation of sediment investigations are found in the Puget Sound Estuary
Program (PSEP) protocols, incorporated by reference into this guidance document. The PSEP
protocols are available from the Puget Sound Partnership website:
http://www.psparchives.com/our_work/science/protocals.htm.

However, additional technical guidance is needed to assist those responsible (e.g., permitted
dischargers, property owners, potentially liable persons (PLPs), and consultants) for the design
and implementation of sediment investigations. This chapter draws on other available sources of
technical guidance and makes specific recommendations about applying that guidance.

3.1 Objectives of Field Sampling

Part V of the Sediment Cleanup Standards (SMS) set forth a decision process for identifying
contaminated sediment areas (WAC 173-204-500), conducting an RI/FS (WAC 173-204-550),
and determining appropriate cleanup remedies (WAC 173-204-570). The objectives of field
sampling vary depending on the stage the site is at in this process.

3.1.1 Initial investigations (WAC 173-204-510 and 173-204-520)

The primary objectives of sediment sampling and analyses conducted as part of an initial
investigation of a contaminated sediment site are:

Identify sediment station clusters of potential concern.

e Identify and list sites based on exceedances of the CSL criteria.
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e Gather initial information on sources, contaminants of concern, contaminant concentrations,
and extent of contamination.

Initial investigations may be carried out by liable persons, Ecology, or as part of aquatic lands
lease transfers and renewals or other property transfers (due diligence).

Such sampling and analyses must be sufficient to establish whether there are exceedances of the
CSL criteria (numeric chemical or biological effects criteria, background, etc., see Chapter 7) at
three or more stations within a specific area of concern, but the spatial extent of such
exceedances need not be defined as part of an initial investigation. Unless there are plans to
dredge or otherwise disturb the sediment, sampling and analyses conducted as part of an initial
investigation may focus on surface sediments.

3.1.2 Remedial investigations (WAC 173-204-550)

The primary objectives of sediment sampling and analyses conducted during a remedial
investigation (R1) of a contaminated sediment site are to collect, develop, and evaluate sufficient
information for a site or sediment cleanup unit for the department to establish sediment cleanup
standards (Chapters 7 through 11) and select a cleanup action (Chapters 12 and 13). The scope of
the RI depends on factors unique to the site, including the nature and extent of contamination, the
exposure pathways of concern, the natural resources potentially at risk or impacted by the site,
the characteristics of the site or sediment cleanup unit, and the type of remedial alternatives
likely to be evaluated under WAC 173-204-570 through 173-204-580.

The primary objectives of sediment sampling and analyses conducted during a remedial
investigation of a contaminated sediment site are to:

e Develop a conceptual site model.

e Confirm sources of contaminants, releases, and pathways to the environment

e Determine whether the sources of contamination have been controlled.

e Identify contaminants of concern and risks to human health, the benthic community, and
higher trophic level species.

e Identify the nature and extent of contamination in surface sediments.

¢ Identify the nature and extent of contamination in subsurface sediments, to the extent
necessary to protect receptors and plan remedial actions.

e If bioaccumulative contaminants are present, determine the degree of contamination in
tissues of fish and/or shellfish at the site (optional).

e Gather information on natural or regional background concentrations in sediments and/or
tissues.
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e Determine site boundaries.
e Develop cleanup standards.

e Collect preliminary information needed for the design of cleanup actions.

At smaller sites of known or suspected sediment contamination, the use of a relatively small
number of stations or samples in an initial investigation may allow assessment of the spatial
extent of contamination, gradients toward or away from other sources, or other important details.
Hence, a single study could suffice, thereby precluding the need for a second focused investiga-
tion. At larger and more complex sites, two or more phases may be needed.

The contents of a Remedial Investigation Work Plan, Sampling Plan, and other associated plans
to accomplish these objectives are described in Section 3.2.

3.1.3 Source control for NPDES-permitted discharges

Part IV of the SMS (Sediment Source Control) set forth a process for controlling the release of
substances from point and non-point sources (e.g., NPDES permitted discharges) that may
contribute to sediment contamination.

WAC 173-204-100(3) defines a “narrative standard” or goal for the sediment quality regulation
and management as “no adverse effects, including no acute or chronic adverse effects on
biological resources and no significant health risk to humans.”

The long-term management goal is specifically addressed in WAC 173-204-320 through WAC
173-204-340 by the establishment of numeric chemical and biological benthic criteria (SQS) for
marine sediment and a narrative standard for freshwater sediment, a human health narrative
standard, other toxic, radioactive, biological, or deleterious substances criteria, and
nonanthropogenically affected sediment quality criteria. The SQS defines the degree of sediment
quality that is expected to cause no adverse effects to biological resources in sediment.

Adverse effects of contaminated sediments on biological resources and threats to human health
generally will only occur when there is a pathway to ecological or human receptors. In most
cases, such a pathway will only exist when surface sediments (defined by the SMS as those
within the biologically active zone) are contaminated. Contaminated sediments existing at depths
below the biologically active zone are unlikely to result in such effects unless the overlying
sediments are removed by natural (e.g., erosion, scouring), anthropogenic (e.g., dredging,
propeller scour), or other mechanisms that can release sediment contaminants. Hence, the focus
of sediment sampling for sediment source control is generally on the sediments within the
biologically active zone. Additionally, the surface sediment will be most likely to exhibit impacts
from recent discharges of contaminants.
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Part IV of the SMS includes provisions for allowing the sediment quality within the immediate
vicinity of a permitted discharge to exceed the SQS. The authorized area that may exceed the
SQS is referred to as a sediment impact zone (SI1Z) and is analogous to a mixing zone within the
water column, which represents a volume of water where water quality standards may be
exceeded.

WAC 173-204-100(7) defines a goal of “minor adverse effects” as the maximum level of
sediment contamination that will be allowed within an authorized S1Z. WAC 173-204-420
establishes “minor adverse effects” as the maximum chemical concentration and level of
biological effects allowed within an authorized SIZ and is referred to as the SIZ maximum
(S1Zpmax). WAC 173-204-420 includes numeric chemical and biological effects criteria for
SIZmax that define minor adverse effects for marine sediments. However, there are no adopted
SIZmax numeric chemical or biological effects criteria for freshwater sediment, protection of
human health, or other toxic, radioactive, biological, or deleterious substances. Ecology will
therefore address these issues on a case-by-case basis using best professional judgment.

There are four general types of sediment monitoring (all of which are the responsibility of the
permittee) that may be conducted for sediment source control:

e Baseline monitoring. Used to evaluate current conditions and the potential for a discharge to
cause sediment impacts. Baseline monitoring is conducted to determine if an SI1Z is likely to
be necessary and to establish the baseline conditions for future sampling.

e SIZ application monitoring. Conducted to collect information to support an application for an
SIZ.

e SIZ maintenance monitoring. Conducted during the term of a permit that includes an
authorized SIZ. This information is used to determine whether the SIZ should be renewed,
reduced, or eliminated, whether areas of special importance have been adversely impacted by
the discharge, and to establish conditions for SIZ reauthorization.

e SIZ closure monitoring. Conducted following closure of an SIZ to demonstrate successful
restoration of sediment quality.

The monitoring objectives vary with the type of monitoring being conducted and the design of
the monitoring program varies with both discharge and site-specific characteristics. Most
sediment source control monitoring represents baseline monitoring, which is the focus of this
section.

The primary objective of baseline monitoring is to determine whether a discharge is
contaminating sediment above the SQS, in which case an S1Z authorization is likely to be
necessary. Such data may be used for:
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e Application of simple screening tools (e.g., information on the nature of the wastewater
discharged, based either on knowledge of the type of facility or on actual chemical analyses
of the wastewater).

e Definition of baseline chemical and biological sediment conditions in the vicinity of the
discharge, to identify other potential contaminant sources in the area, or to relieve the
discharger from liability for sediment contamination contributed by other permitted or
unpermitted (and possibly historical) discharges.

3.1.4 Dredged material management program

In addition to the SMS, the other major framework for sediment management activities is the
Dredged Material Management Program (DMMP) in Puget Sound or the Regional Sediment
Evaluation Team (RSET) on the Columbia River and in eastern Washington. DMMP/RSET is a
multi-agency team that manages the disposal of dredged material in waters of the state. Cleanup
of contaminated sites sometimes involves dredging sediment and transporting it to a
DMMP/RSET disposal site. Similarly, navigational or development-related dredging projects
sometimes encounter contaminated sediments or may be occurring within a cleanup site.
Therefore, it is valuable for site managers to have an understanding of this process.

The SMS and DMMP/RSET are very similar in the suites of biological and chemical evaluations
that are required and in the evaluation criteria that are applied. However, the two programs have
different applications and some differences in data requirements. A brief comparison of the SMS
and DMMP/RSET data requirements is provided below to assist those involved with projects
subject to the requirements of both programs. For specific requirements of the DMMP for
sampling and analysis, contact the Dredged Material Management Office (DMMO) of the Seattle
District Army Corps of Engineers at (206) 764-3768. The DMMP sampling and analysis plan
process and requirements are available from the DMMO and their web site at:
http://www.nws.usace.army.mil/Missions/CivilWorks/Dredging/UsersManual.aspx.

Sediment sampling and analysis conducted under the DMMP is designed to determine whether
the sediment proposed for dredging and disposal at an unconfined, open-water disposal site could
cause or contribute to unacceptable adverse effects on the aquatic environment. Additionally, the
dredging programs examine the surface exposed by dredging for antidegradation evaluation.
Because of these more specific purposes, sampling gear, compositing techniques, bioassay
methods, and evaluation techniques differ slightly. In dredging situations, the exposure of
concern is to the entire mass of sediments to be released at the DMMP disposal site(s) and the
sediment unit of concern is the minimum dredge unit that can be effectively managed (generally
speaking, a barge-load). At cleanup sites, the exposure and sediments of concern are generally at
the surface, specifically the “biologically active zone,” while for DMMP, the entire core depth of
the material to be disposed must be evaluated. Because of these differences in purpose, sampling
and analysis procedures under these two programs have a different focus.
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DMMP sampling is designed to characterize the bulk properties of the sediments to be dredged,
transported, and discharged. Sediment core samples are typically collected to characterize the
sediment matrix to the depth of proposed dredging. Because dredging removes the material in
bulk, the cores are typically vertically segmented on a 4-foot basis and composited across that
interval (rather than further subdivided). The number of samples collected and composited is
often defined using a three dimensional “dredged material management unit (DMMU).”
Sediment sampling designed to identify contaminated sediment sites under the SMS for cleanup
is initially focused on the near-surface, biologically active zone of the sediments. After a con-
taminated site is identified, however, collection of sediment cores will also generally be required
to assess the vertical extent of contamination and to determine the sediment quality of any new
surface that may be exposed after cleanup.

The process of compositing samples from a range of depth intervals below the sediment surface
may dilute higher concentrations of contaminants or vice-versa. Compositing over depth
provides an assessment of the condition of the overall sediment matrix, but does not provide an
assessment of the sediments within the biologically active zone. Compositing of samples from a
range of depth intervals is therefore appropriate for DMMP purposes, but should ordinarily not
be performed for cleanup investigations. In addition, many samples may be needed for cleanup
purposes to establish patterns or gradients of contamination, to identify contaminant sources, or
to delimit the area of contamination, whereas relatively few samples are taken to characterize a
DMMU, since the material is mixed together during dredging and disposal.

There are also some differences in analytical requirements between the DMMP and the SMS.
For example, under DMMP, chemical analyses are always required, but they may in some cases
be followed by biological testing if chemical screening levels (SLs) are exceeded. Alternatively,
a dredging applicant may, at their discretion, decide to conduct chemical and biological testing
concurrently if there is reason to believe that SLs will be exceeded or if there are time limitations
on the testing and analyses. Under the SMS, biological testing may in some cases be conducted
first, and chemical characterization may only be required if significant biological effects are
found.

Finally, there are differences in data interpretation procedures between the DMMP and the SMS.
The DMMP has established screening levels (SLs) and maximum levels (MLs) for 61 chemicals
or classes of chemicals in Puget Sound, ocean, and Columbia River sediments, whereas the SMS
has numeric criteria for 47 chemicals or classes of chemicals for marine sediment and 35
chemicals or classes of chemical for freshwater sediment for protection of the benthic
community. Both the SMS and DMMP marine benthic chemical criteria are based primarily on
Puget Sound apparent effects threshold (AET) values (Barrick et al., 1988). The derivation of
these numeric chemical criteria from the AET values is somewhat different because of the
different regulatory uses of these criteria in the two programs. The adopted numeric criteria in
the SMS for nonionizable organic compounds are expressed on a total organic carbon (TOC)-
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normalized basis under the SMS, but on a dry-weight basis under the DMMP. Dry weight values
equivalent to the SMS benthic criteria are provided in Chapter 8 for direct comparison.

There are also some relatively minor differences between the DMMP and the SMS in the use and
interpretation of biological test results. For example, purging is not allowed for evaluation of
sediment toxicity under the SMS, whereas it is acceptable for sediments that will be disposed
through the water column. Because of these differences, it should not be assumed that sediments
considered acceptable for DMMP disposal would pass the SMS standards, or vice versa. If
sediments are initially sampled and analyzed under the SMS for cleanup, and it is later decided
that it will be necessary to dredge those sediments, it will generally be necessary to resample the
sediments for evaluation under the DMMP. Sediments from cleanup sites may be acceptable for
DMMP disposal only under limited conditions (e.g., wood waste with ammonia/sulfides).

There is, however, the potential for assessing sediments at a given site for both SMS and DMMP
purposes. If dredging and disposal at a DMMP disposal site were considered a likely remedial
option, it may be possible to coordinate the sediment sampling and analyses. In such cases, the
project proponent is strongly encouraged to contact both the DMMP lead (the Corps of
Engineers Dredged Material Management Office) and one of Ecology's sediment cleanup or
source control specialists to coordinate between the two programs (see Appendix A for the
contact list). Without coordination, the DMMP may not accept the resulting characterization for
decisions regarding open water disposal.

3.2 Remedial Investigation Plans and Reports

As part of a remedial investigation, several plans and reports are developed to guide the field
investigations, analytical work, and decision-making for the site, including:

e The work plan.

e The sampling and analysis plan, including a quality assurance plan.

e The health and safety plan.

e The public information and education plan.
Each of these is described in detail below.

3.2.1 Remedial investigation work plan

The work plan for the RI provides information on the goals of the R, activities that will be
performed, how the data will be used, what types of conclusions will be reached, who will
perform the tasks, how the tasks will be managed, and the schedule and budget. The following
outlines suggested sections for the work plan:
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Introduction. The introduction should clearly explain why the RI is being performed and define
the objectives of the investigation. This section should include general site information, such as
the project title, name, address, and phone number of the project coordinator, and a legal
description of the cleanup site.

Summary of existing Information. This portion of the work plan should provide a review of
available information for the site. The summary should include information on site history, past
and present sources of contamination to the site (including a list of owners and operators of
sources), and summaries of existing physical, chemical, biological, and risk assessment data. A
map or maps of existing site conditions should be included showing the site boundary, surface
and subsurface topography, surface and subsurface structures, utility lines (if known),
navigational lanes, lease areas, and the locations of historical and ongoing sources of
contaminants to the sediments.

This section should discuss the data quality, coverage, and how well data represent current
conditions and should identify data gaps or areas where data quality could be improved. A
conceptual site model should be developed that includes potential risks and exposure pathways
to human and ecological receptors (Chapter 2). This information forms the basis for the field
investigations that are described later in the work plan.

Project administration. This section should provide information on task management and quality
control, including the roles of various agencies and oversight of contractors, subcontractors, and
laboratories that will be used.

Field investigations and other information collection activities. This section of the work plan
should provide an overview of the field investigation and other information collection activities
that will take place during the RI. The rationale and goals of each activity should be identified.
General information on field activities is provided in the work plan. Specific details of sampling
and analytical methods to be used are provided in the sampling and analysis plan.

Data management and analysis. This section should describe how data collected during field
investigations will be managed and analyzed. Data reduction, validation, and quality assurance
techniques should be described. The analysis of data should be described, including statistical
techniques used to analyze data, methods used to map and calculate areas and volumes of
contaminated sediments, and a description of databases, computer programs, or models used in
the analysis or plotting of data. A short description of the types of analyses that will be
performed and the products of each analysis should be presented.

Risk assessments. This section should describe the techniques that will be used to assess human
health and ecological risks. All equations, assumptions, and references for toxicity data should be
provided (see Chapter 9). This section should describe how the field investigations will support
the risk assessment and identify any additional data gathering that will be needed.
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Development of cleanup standards, site boundaries, and site units. This section should present
the methods and sources of information that will be used to develop proposed cleanup standards
(Chapters 7 through 10) and establish site boundaries (Chapter 12). A preliminary evaluation of
potential site units, if any, should be presented, along with a description of the criteria that will
be used to separate the site into final site units after the RI is complete (Chapter 12).

Schedule and budget. This section should include the schedule for activities described in the RI
work plan and the budget required to perform the activities.

3.2.2 Sampling and analysis plan

Although the specific details of individual sampling and analysis plans may be very different, all
such plans should contain certain basic elements. Figure 3-1 provides a recommended outline for
sediment sampling and analysis plans that can also serve as a checklist for those preparing or
reviewing such plans. The outline contains cross-references to pertinent sections of this document
for guidance.

To support the development of study-specific objectives for a given sediment investigation, it is
necessary for a project proponent to review available background information on the site.
Therefore, each sediment sampling and analysis plan should include as part of the introduction a
summary of site background information. Alternatively, if the sampling and analysis plan is
attached to a work plan (e.g., as part of an RI), the necessary background information may be
provided in the work plan and does not need to be repeated in the sampling and analysis plan.

The sampling and analysis plan generally includes the following components:

e Anoverview of the proposed field sampling program, including scheduling requirements.

e Detailed descriptions of sampling tasks, including the type, number, and location of
samples to be collected, depths of samples, samples to be composited, and the dates that
samples will be collected.

e Sampling methods, including a description of positioning methods, sampling gear and
operation, criteria for sample acceptance, compositing procedures, sample containers and
handling procedures, and observations, testing, or analyses that will be performed in the
field.

e Records that will be kept and recordkeeping and reporting procedures.
e Identification of sampling personnel.
e Standard operating procedures.

e Methods of chemical analysis and biological testing that will be used and the laboratories at
which the analyses and testing will be performed.
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e A qguality assurance plan, containing descriptions of project and quality assurance
responsibilities, quality assurance objectives, sample custody procedures, instrument
calibration techniques, use of reference and standard materials, frequency of calibration,
use of spikes, blanks, replicates, and control samples, and required quality assurance audits
and reports, including frequency, preventive maintenance schedules, routine procedures
used in data validation, and corrective actions.

All sampling and analysis procedures should be in conformance with the Puget Sound Protocols as
amended or other methods approved by Ecology.

The sampling and analysis plan should describe the objectives of the sediment investigation in the
context of the appropriate regulatory framework. Each of the sampling and analysis elements
planned to meet these objectives for the site should then be described. Where applicable to the site,
these investigations may include the following:

Physical properties of surface water and sediments. Significant hydrologic features of the
surface water environment should be characterized, such as surface water drainage patterns,
discharge points and flow rates, currents and tidal effects, basin geomorphology, areas of
sediment erosion and deposition (including estimates of sedimentation rates), and actual or
potential contaminant migration routes into or away from the site.

Geology and groundwater hydrology. The subsurface geology and groundwater hydrology of
sediments and upland areas associated with the site should be investigated to determine
sediment and soil types, groundwater flow paths and rates, groundwater gradient, and
groundwater discharge areas.

Climate. Aspects of the regional and local climate that could affect the movement of
groundwater, surface water, sediments, or other sources of contaminants should be identified,
such as seasonal patterns of rainfall, frequency of significant storm events, and prevailing
wind direction and velocity.

Chemical contamination of surface water and sediments. Sufficient surface water and
sediment sampling should be included to adequately characterize the areal and vertical
distribution and concentrations of contaminants. Additional properties of sediments that
affect toxicity and habitat quality, such as grain size and TOC, should be determined.
Sampling should be performed with sufficient density of stations to allow contouring of
contaminant concentrations and accurate determination of boundaries and depths at which
the SCO, CSL, and a range of potential cleanup levels are met.

This study component is necessary to 1) distinguish between areas that will require active
remedial action from areas that may be expected to recover naturally, 2) accurately deter-
mine the area or volume of sediments that will require remediation, and 3) support an
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assessment of the current status of source control. This investigation will also provide a
baseline for post-remedial action monitoring.

e Tissue concentrations. Concentrations of bioaccumulative chemicals in tissues of fish and/or
shellfish at the site for assessment of risks to human health and higher trophic levels
(optional).

e Toxicity of sediments. Acute and chronic sediment toxicity testing using bioassays and/or
benthic infauna analysis may be performed to confirm the results of chemical tests and to
account for the effects of multiple chemical contaminants. Additional studies, such as
measures of abundance and diversity, in situ bioassays, bioaccumulation studies, and
histopathology studies, may also be performed to assist in determining the impact of
contaminants in sediment on the biological community at the site.

e Chemical contamination in bulk sediment. Chemical contamination in bulk sediments may be
characterized using composite samples, chosen to be representative of areas that could be
dredged as part of a cleanup action. This investigation is needed to describe the nature of
contaminants in sediments that could be disposed of in aquatic, nearshore, or upland disposal
sites. Characterization of bulk sediments may be confined to areas targeted for removal and
may not be needed in areas where sediment is expected to remain in place or be capped.

e Contaminant mobility in sediment. Elutriate, column leaching, and column settling tests may
be performed on sediment samples targeted for removal. This study component is needed to
provide information on the behavior of contaminants during potential dredging activities and
information needed for the design of confinement structures.

e Fate and transport and natural recovery considerations. The measurement of certain
additional analytes or parameters may be appropriate if natural recovery or fate and transport
analysis are used to select cleanup standards for the site. Sediment dating, sediment
chronologies, and dredge horizon evaluations can be used to assess sediment accumulation
and mixing. Contaminant characteristics relevant to fate and transport include species
distribution, susceptibility to degradation or transformation, association with grain sizes, and
particle characteristics.

e Natural resources and habitat. Information to determine the impact or potential impact of
sediment contaminants from the site on natural resources and sensitive habitats in the area
such as spawning areas, nursery grounds, shellfish or eelgrass beds and other plant and
animal species.

e Source investigations. Sufficient information should be collected on all sources of
contaminants to the sediment to allow a determination of what source control activities must
be performed to ensure the long-term success of the cleanup. The location, quantity, areal
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and vertical extent, concentration, and sources of wastes and other contaminant discharges to
the sediment should be determined. In addition, the physical and chemical characteristics and
the biological effects associated with effluent sources should be determined. Finally,
necessary source control actions, the status of source control activities, and a potential time
frame for control of permitted and unpermitted sources should be identified.

Guidance on the selection of appropriate chemical analytes and biological tests is provided in
Section 3.3. Guidance on the timing and selection of sampling station locations is provided in
Section 3.4 and 3.5. Subsequent sections of this document provide guidance on appropriate field
sampling methods (Section 3.6) sample handling procedures (Section 3.7), laboratory analytical
and testing methods (Chapter 4), quality assurance and quality control requirements (Chapter 5),
data analysis, record keeping, and reporting requirements (Chapter 6), health and safety plan
(Section 3.2.3), and schedule (Section 3.4).

Sediment sampling and analysis plans should include a brief description of the responsibilities of
the sediment sampling personnel. For most sediment sampling, the field crew will generally
consist of a chief scientist and one or more field technicians. The chief scientist is responsible for
overseeing all aspects of the field sampling, ensuring adherence to the sampling plan, ensuring
accurate station locations, making decisions on deviations from the plan necessitated by field
conditions, completing chain-of-custody forms, and keeping necessary records (e.qg., field logs).
The field technicians are generally responsible for assisting with sample collection, handling, and
storage. One member of the field crew should be designated as the field safety officer.

In addition to the field crew, the sampling and analysis plan should indicate the project manager
(responsible for overall management of the investigation and who serves as the point of contact
with Ecology) and a QA/QC coordinator (responsible for preparation of the quality assurance
project plan, interactions with the analytical laboratories, and data validation activities). A table
specifically identifying the individual(s) and their project responsibilities should be included in
the sampling and analysis plan.

The overall quality of a sediment investigation is highly dependent on the level of oversight
provided by project personnel, especially during the analytical phase. It is critical that the
laboratory technicians know the applicable practical quantitation limits and QA/QC require-
ments (see Chapter 5) for each of the analytes. In the event of failure to meet these requirements,
reanalysis needs to be undertaken with appropriate corrective measures (e.g., additional sample
cleanup steps). The QA/QC coordinator and/or project manager should also be contacted
immediately regarding failure to meet the QA/QC and/or practical quantitation limit
requirements.

The most common failure in the laboratory tests of the sampling and analysis investigations has
been the failure of the laboratory to meet control limits and/or practical quantitation limits and no
effort has been made to re-analyze or to conduct additional cleanup on the extract and then re-
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analyze. This can only be prevented when the responsible QA/QC coordinator and project
manager maintain contact with the laboratory throughout the analyses to ensure that the required
practical quantitation limits and QA/QC requirements are met. When a failure to meet these
conditions occurs, appropriate measures need to be initiated immediately to avoid exceedance of
maximum sample holding time.

Strict adherence to the outline shown in Figure 3-1 is not required, but use of the outline is
recommended to ensure an efficient and timely review of sediment sampling and analysis plans.

3.2.3 Health and safety plan

The health and safety of the sampling team is a primary concern during sampling operations. The
process for addressing these topics should be organized, comprehensive, and well documented
while ensuring that such concerns do not interfere with the collection of quality data. All
sediment sampling and analysis plans are required to include as an appendix or attachment a
health and safety plan (HSP) that covers all aspects of worker safety while employees are
engaged in sediment sampling and analyses.

A HSP is also required for any other area that is known to be contaminated by toxic materials.
The HSP must meet the requirements of the Occupational Safety and Health Act of 1970 (29
U.S.C. Sec. 651 et seq.) and the Washington Industrial Safety and Health Act (Chapter 49.17

RCW). At a minimum, the following contents should be included:

e Description of tasks to be performed.

e Key personnel and responsibilities.

e Chemical and physical hazards associated with the site (including potential contaminants and
chemicals used during the investigation), hazards associated with these substances, physical
hazards associated with shipboard and land-based sampling activities, heat and cold stress,
locations of subsurface utilities and obstructions on the site, falling hazards, and confined

spaces

e Safety and health risk analysis for each task and operation.

e Air monitoring plan, including ambient air monitoring, personal monitoring, monitoring

equipment, and use and calibration of monitoring equipment.

e Personal protective equipment that will be used for site tasks and criteria for upgrading and
downgrading protective equipment based on monitoring and changes in ambient contaminant

levels or other site hazards.
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e Work zones, including control zone, decontamination zone, and exclusion zone, and the

methods used to demarcate these areas.
e Decontamination procedures for personnel, protective equipment, and sampling equipment.
e Procedures for disposal of contaminated media and equipment.
e Safe work practices, including operation of sampling equipment and general site safety.

e Standard operating procedures, including fit tests for respirators.

e Contingency plan, including evacuation procedures and criteria, emergency phone numbers
(e.g. the telephone number of the appropriate Coast Guard District Rescue Coordination
Center and/or Harbor Master when operating on a vessel), addresses of hospitals, and maps

showing routes to hospitals.

e Personnel training requirements, including health and safety training courses and site

briefings.

e Medical surveillance program.

e Record keeping procedures.

All members of a sampling team working at a hazardous site must receive 40 hours of hazardous
waste operations (HAZWOPER) training as prescribed by OSHA Regulation 29 CFR 1910.120,
and at least one member must receive supervisory training. Employers must make a medical
monitoring program available to all crew members conducting sampling operations at hazardous
sites. All sampling team members must read and understand the contents of the HSP prior to the
commencement of field work, and verify such by signature on the original HSP document.

Special attention should be given to physical dangers such as slip, trip and fall hazards when
working around water. In general, it is recommended that the sample collector(s) avoid skin
contact with all sediments and inhalation of odor should be avoided. Special precautions may
have to be taken when working with contaminated sediments especially near potential or known
contaminant sources such as unpermitted outfalls, NPDES permitted outfalls, or hazardous waste
sites.

3.2.4 Public information and education plan

This section should present a plan to provide coordinated and effective public involvement
during studies and cleanup activities at the site. The public information and education plan is
described in WAC 173-204-550(5) and should include:
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e Plans for providing public notice and comment periods, the length of comment periods, and
the locations of public notice.

e Locations where information about the site will be available to the public, such as libraries
and community centers.

e Methods that will be used to identify public concerns, such as public meetings,
questionnaires, and interviews.

e Methods that will be used to provide information to the public.

e Public participation requirements of other federal, state, or local laws and how they will be
addressed.

e Procedures for amending the public involvement plan.

3.2.5 Remedial investigation report

After the RI is completed, the results must be submitted in an Rl Report that includes the
following information (WAC 173-204-550(6)):

e General site information (WAC 173-204-550(6)(a).

e Site map that includes property boundaries, site boundaries that include delineations of where
the contaminants meet the proposed cleanup standards, SCO, and CSL, and site unit
boundaries.

e A description of the hydrology and geology of surface water, groundwater, sediment, and
upland areas associated with the site, including hydrogeologic cross sections and water table
contour maps (plan and cross-section views).

e An evaluation and analysis of all contaminant data from the hazard assessment and R,
including sampling and analysis methods, concentrations contour maps (vertical and
horizontal), biological effects data, discussion of historical and ongoing sources, potential
for contaminant migration, potential for natural recovery, and other pertinent data for
environmental media at the site.

e Land use information characterizing human populations exposed or potentially exposed to
sediment contaminants released at or from the site, and present and proposed uses and zoning
for shoreline areas contiguous with the site.

e A description of the location, quantity, areal and vertical extent, concentration and sources of
active and inactive waste disposal and other sediment contaminant discharge sources. Where
determined relevant by the department, the following information shall be obtained by the
department from the responsible discharger:
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o The physical and chemical characteristics and the biological effects of contaminant
sources.

o The status of source control actions for permitted and unpermitted contaminant
sources.

o A recommended compliance time frame for permitted contaminant sources that affect
or potentially affect implementation of the timing and scope of the cleanup action
alternatives.

e Information on natural or regional background concentrations in sediments and/or tissues.

e |dentification of the contaminants of concern to human health, the benthic community, and
higher trophic level species.

e Development of risk-based concentrations for sediments and/or tissue.
e Selection of site-specific sediment cleanup standards.

e Identification of site boundaries and sediment cleanup units.

e Appendices containing all sampling logs and other pertinent logs.

e Appendices containing the results of all physical, chemical, and biological testing, including
QA/QC reviews, discussion, and recommendations.

e An appendix describing the implementation of the public education and information plan.

e An appendix containing photographs, slides, and public information materials.

3.3 Selection of Analytical Parameters and Biological
Tests

This section provides guidance on the selection of appropriate study-specific parameters and
laboratory analytical methods. Input from Ecology should be sought early in the process of
designing the sediment investigation to ensure that appropriate parameters are selected and other
similar issues are addressed. See the Ecology contact list in Appendix A for the appropriate
contact person.

3.3.1 Selection of Chemical Analytes

Sediment investigations will involve measurement of sediment chemical concentrations. The list of
analytes should include the SMS chemicals (Chapter 8, Table 8-1) as well as any additional
chemicals suspected to be present (i.e., “other toxic, radioactive, biological, or deleterious
substances,” see WAC 173-204-320(5)). The association of contaminants with a site may be either
because of their presence in wastewater discharged from the site or other nearby locations or
because of other historical activities at the site (e.g., log rafting, mining activities, waste disposal).
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Examples of such contaminants are listed in Table 3-2. When there is reason to believe that any
such potentially toxic contaminants may be present in the sediments at a site, they should also be
measured. All sediment investigations should also include measurement of conventional sediment
variables (Table 3-1) that are useful in interpreting other sediment chemical or biological data.

3.3.2 Consideration of site-specific conditions

The SQS and CSL benthic criteria were developed using synoptic chemistry and biological data
from a variety of water bodies in Washington and Oregon, representing eight of the nine
ecoregions in Washington State. Sediments included in the marine and freshwater datasets were
intended to represent a wide range of sediment types and water quality conditions. However, the
criteria do not take into account all possible contaminants of potential concern, all possible water
bodies, sediment types, or unique water quality characteristics. In such cases, the SMS rule
allows for some flexibility in site evaluations and data interpretation. This section presents
examples of unusual site conditions that may require an alternative approach.

e Contaminants without criteria. In some cases, there were insufficient data to develop SQS or
CSL values for certain chemical classes (e.g., pesticides). If there is reason to believe that
such chemical classes may be present in sediments, additional measures may be required to
be protective of benthos.

e Unusual aquatic habitats. While the existing criteria incorporated a wide range of aquatic
habitats encountered throughout the state, certain types of water bodies were not represented.
These include bogs, ephemeral or seasonal wetlands and streams, and alpine wetlands and
tarns. These aquatic systems can have unique substrates or geophysical properties that alter
chemical availability potentially affecting the predictive ability of the criteria. Sediments
associated with bogs and seasonal wetlands can have a high organic content, low dissolved
oxygen, altered pH, and elevated levels of ammonia and sulfides. Alpine tarns may be
susceptible to changes in pH from atmospheric sources, potentially altering the toxicity of
certain metals.

e Unusual water quality conditions. Particularly in freshwater environments, site water quality
can influence the availability and toxicity of contaminants in sediments, potentially affecting
the predictive ability of the criteria. Other water quality parameters affect the survival and
fitness of benthic organisms and may affect responses of test organisms in the bioassays. If
contaminants of concern at a given site are suspected of being impacted by unusual water
quality conditions, and the water parameters at the site are within ASTM/EPA acceptable
ranges, biological tests can be suited to match some the site-specific conditions. The
following water quality parameters require additional consideration during screening studies
and remedial investigations:
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Water hardness. Water hardness is a measure of the concentration of certain
positively charged metal complexes (cations) that occur naturally in the water.
Common cations found in freshwater include calcium (Ca?*) and magnesium (Mg
Calcium and magnesium enter the surface waters by leaching from minerals within
the aquifer. Calcium is commonly associated with calcite and gypsum, while
magnesium is a mineral associated with dolomite. Waters with high concentrations of
cations are considered to be “hard,” whereas waters low in cations, such as rainwater,
are considered to be “soft.” While hardness is affected by a complex mixture of
temperature, pH, and mineral concentrations, it is typically measured as milligrams
per liter as calcium carbonate (CaCO3). Water hardness typically ranges from 25
mg/L to 400 mg/L CaCO3 (40 CFR Part 131). Hard water is generally considered to
be above 121-180 mg/L CaCOsand very hard water is >181 mg/L CaCO3. Water
hardness affects metals availability and toxicity, with toxicity decreasing as hardness
increases. In water bodies with very soft water, this may result in an underestimate of
metals toxicity. Toxicity may be overestimated with very hard water. It is also
important to note that aquatic species have a tolerance range for hardness.
Concentrations of CaCO3 outside the tolerance range for bioassay test species can
affect the responses observed in bioassays.

2+) )

pH. Similar to water hardness, pH is a water quality parameter that can affect metals
availability and toxicity. pH is a measure of water acidity or basicity, with lower pH
associated with more acidic waters and higher pH being associated with more basic
waters. Geologic formations can both increase (limestone) or decrease (iron sulfides,
peat bogs) pH. Low pH is also associated with eutrophication, acid rain, or mining
activities. Low pH has been associated with increased metals toxicity, particularly for
aluminum. The pH range that is considered to be protective of fish in Washington
State is 6.5-8.5 (WAC 173-201A-200).

Alkalinity. Alkalinity is a measure of the total amount of base present and provides an
indication of how much acid (hydrogen ion) that a water body can absorb or buffer
before affecting the pH. USEPA recommends an alkalinity of >20 mg/L CaCOs to
maintain a pH that support aquatic life. Water bodies with an alkalinity below 20
mg/L CaCOgzare considered to be sensitive to acidification. While hardness may have
a direct impact on the health of aquatic organisms, it does not directly affect the
availability or toxicity of contaminants of concern. Water hardness is a better measure
for the predictive ability of chemical criteria.

Dissolved oxygen. Dissolved oxygen (DO) is a measure of gaseous oxygen found in
surface waters, typically expressed as mg/L. Dissolved oxygen concentrations
considered to be protective of aquatic life are typically 5.0 mg/L, although many
benthic species can tolerate DO concentrations below 5.0 mg/L. Certain water bodies
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may have either depressed DO or elevated DO concentrations above saturation.
Depressed DO concentrations may be associated with natural or anthropogenic
organic enrichment or due to prolonged periods of water-column stratification.
Chronic exposure to low dissolved concentrations may affect the health of aquatic
life. Furthermore, seasonal changes to near-bottom DO concentrations can affect the
depth of oxygenated sediments and the reducing conditions influencing parameters
such as acid volatile sulfides (AVS), affecting metals toxicity. If the underlying
causes of depressed DO are related to anthropogenic sources, they may be considered
“other deleterious substances.”

Temperature. In quiescent waters or periods of low flow, water temperatures can
increase, particularly in the summer months. Naturally occurring temperatures can be
altered by anthropogenic activities associated with some effluents or alterations to
water flow. In some cases, prolonged periods of increased temperatures can alter
contaminant availability or the survival, growth or reproduction of some aquatic
invertebrates. If the underlying causes of depressed DO are related to anthropogenic
sources, they may be considered “other deleterious substances.”

Dissolved organic carbon. Humic and fulvic acids are organic constituents of soils.
Certain soil types, such as peat, are rich in organic matter. When organic matter is
dissolved in surface waters, it can form complexes with metals and other
contaminants, changing their availability and toxicity to aquatic life In particular,
humic and fulvic acids that can alter metals availability. Water bodies with high
humic/fulvic acid content can reduce metals toxicity, with the chemical criteria
potentially overpredicting toxicity.

e Unusual sediment characteristics. Some water bodies have unique sediment
characteristics that can affect the relationship between sediment chemistry and biological
response. In some cases, sediment characteristics can have physical effects on biota,
potentially smothering adults or preventing development of larval forms. Such physical
effects may be due to naturally occurring factors or due to anthropogenic sources, such as
wood waste or slag.

o
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Elevated organic carbon. Sediment in certain freshwater habitats can have elevated
organic carbon content. This is particularly true of sediments in peat bogs, wetlands
and streams with heavy vegetation, and ponds that experience seasonal algal blooms.
A typical range for TOC in freshwater sediments is <1% to approximately 15%
(Sloan and Blakely, 2009), while for marine sediments it may range from 0.5% to
5%. TOC content in sediments can vary seasonally and with depth. Organic carbon in
sediments provides an adsorptive surface which binds many contaminants,
particularly those with high Kow values, such as organic pesticides, PAHs, and
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organometallics. As such, bioavailability and toxicity of high Kow contaminants can
be altered in sediments with very high TOC content. TOC is frequently elevated in
areas with wood waste in sediments.

o Unusual organic carbon sources. The forms of organic carbon in sediments vary
considerably, consisting of multiple phases, including colloidal carbon, glass-like
(hard) and rubbery (soft) particulate carbon, and soot carbon. The affect of these
different forms on partitioning and availability of contaminants is complex, however,
it is important to consider that for sites where unusual forms of carbon are likely to be
present (soot, coal tar, coal ash, creosote), the availability of certain contaminants
may be affected. In sites with high woody content in the sediment may require
alternative estimates of organic carbon to understand contaminant availability.

o Unusual physical characteristics. The physical characteristic of freshwater sediments
can be highly variable. Fine clays, in particular dense dusts from mining activities,
slag as well as wood pulp can collect as a cohesive layer in depositional areas,
altering surface textures, reducing porosity, and sediment permeability. Such surfaces
can reduce interstitial dissolved oxygen concentrations, creating a reducing layer
below the surface, changing metals availability. Fine clays can also encase burrowing
infauna, covering external surfaces, while slag can result in physical trauma to
benthic organisms.

o Unusual contaminant profiles. Contaminant groups such as PAHs may include an
array of subgroups of contaminants that have different availability and toxicity.

In many cases, the unusual conditions mentioned above affect the availability of contaminants of
potential concern, either increasing or decreasing toxicity. For such cases, the recommended
alternative is to conduct toxicity tests (Tables 3-3 and 3-4) concurrent with sediment chemistry
analysis. In these cases, the standard sediment chemistry list (Chapter 8, Table 8-1) may be
expanded to cover those contaminants or characteristics that may be contributing to toxicity. In
some cases, site-specific conditions may require the selection of an alternative species or
methods modification (Table 3-4). Such changes are subject to review and approval by Ecology.

3.3.3 Selection of biological tests

Biological testing may only be necessary if SMS chemical criteria are exceeded and biological
confirmation is desired. However, if there is reason to believe that potentially toxic chemicals
other than those with adopted SMS chemical criteria may be present, or potential interactions of
chemical or physical characteristics potentially contributing to toxicity, biological testing may
also be warranted. In certain cases, biological testing may be conducted prior to or alongside
analyses of chemical contaminants in the sediments, particularly if chemicals are expected to be
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in an unusual matrix that might affect their bioavailability. Either Ecology or the liable person
may choose to have biological tests conducted in addition to chemistry.

Biological testing to assess existing sediment quality may include conducting sediment toxicity
tests and/or assessing the naturally occurring community of benthic macroinvertebrates in
sediment samples. The applicable biological tests vary depending on whether the sediment
environment is marine, estuarine, or freshwater.

3.3.3.1 Marine and estuarine tests
For all monitoring, the SMS requires the use of:

e Two acute biological tests and one chronic biological test.

e The amphipod acute test, one of the larval acute tests, and one chronic test.
Four of the biological tests that can be selected are laboratory sediment toxicity tests (Table 3-3).
Assessment of the naturally occurring community of benthic macroinvertebrates is also considered
to be a chronic/sublethal biological test. Although the biological tests described in the SMS are
strictly applicable only to marine sediments (i.e., those with interstitial salinities >25 parts per
thousand [ppt]), application of these tests and the associated biological effects criteria may be
approved by Ecology for low salinity estuarine sediments (i.e., those with interstitial salinities of

0.5-25 ppt) on a case-by-case basis. The five marine biological tests that can be selected among
include:

Acute Effects Tests

e Amphipod: A 10-day acute sediment toxicity test that assesses mortality of one of the
following amphipods: Rhepoxynius abronius, Ampelisca abdita, or Eohaustorius
estuaries, based on the interstitial water salinity and the percentage of sediment fines
as shown in Figure 3-2.

e Larval: Any one of several acute sediment toxicity tests that assess mortality and/or
abnormality of larvae of the following organisms:

e Pacific oyster, Crassostrea gigas

e Blue mussel, Mytilus galloprovincialis

e Purple sea urchin, Strongylocentrotus purpuratus

e Green sea urchin, Strongylocentrotus droebachiensis

e Sand dollar, Dendraster excentricus.

Chronic Effects Tests
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e Juvenile polychaete: A 20-day sublethal sediment toxicity test that assesses decreases
in biomass of the juvenile polychaete Neanthes species.

e Microtox® 100 percent sediment porewater extract: A 15-minute toxicity test that
assesses decreased bioluminescence of the bacteria Vibrio fischeri (strain NRRL
B-11177) exposed to a pH, dissolved oxygen, and salinity-adjusted 100 percent
porewater extract of the marine and estuarine sediment sample. For more information
on marine Microtox® 100 percent sediment porewater extract toxicity assessment,
see Appendix C. The marine Microtox® porewater test only has an SQS level
criterion.

e Benthic macroinvertebrate abundance: This test assesses statistically significant
alterations in the naturally occurring abundances of the following major taxa:
Crustacea, Mollusca, and Polychaeta.

The selection of the most appropriate amphipod species should follow the decision tree in Figure
3-2, considering both the interstitial salinity and grain size of the sediments to be tested. Among
the three amphipod species (Table 3-3), R. abronius is considered to be a marine species and is
generally appropriate for testing sediments having interstitial salinities >25 ppt. E. estuarius is
tolerant of interstitial salinities <25 ppt. A. abdita is euryhaline (i.e., tolerant of a wide range in
interstitial salinities: 2-28 ppt). Note: If the interstitial salinity of the sediments is <25 ppt, the
choice of low salinity biological tests must be approved by Ecology in advance on a case-by-case
basis. If the interstitial salinity of the sediments to be analyzed in marine and estuarine env-
ironments is <25 ppt but >20 ppt, either A. abdita or E. estuarius could be used. At interstitial
salinities <20 ppt but >2 ppt, only A. abdita should be selected. If sediments with interstitial
salinities between 15 and 24 ppt are being evaluated for dredging and disposal at a DMMP site, the
PSEP (1995) protocols allow for upward adjustment of the interstitial salinity so that R. abronius
can be used, but for other evaluation purposes, upward adjustment of the interstitial salinity is
generally not considered appropriate for the amphipod toxicity tests.

R. abronius is known to be adversely affected by sediments having a high proportion of fine
sediments. Therefore, if the proportion of fines (i.e., particles having diameters <62.5 um) is
>60%, A. abdita should be selected because it is relatively tolerant of a wide range of sediment
grain sizes.

The primary factor affecting the selection of an appropriate species for the larval test is the time of
year. It is generally desirable to select a species that is naturally spawning at the time of year the
biological test will be conducted. The natural spawning seasons for test species in the Puget Sound

area are as follows:

e QOyster—summer
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e Mussel—late spring through early summer

e Sea urchin—December through April

e Sand dollar—April through October

Although all of these species can be induced to spawn at other times of the year, the larvae may
then be subject to higher mortality, so this practice is not recommended.

The PSEP (1995) protocols recommend against use of the larval toxicity tests for sediments with
interstitial salinities <10 ppt because of the limited experience with the tests at these salinities.
However, all of the larval toxicity tests can probably be used over a wide range of interstitial
salinities (from full-strength seawater to <1 ppt) because a small volume of sediments is mixed
with a much larger volume of seawater, which has a salinity of 28 ppt, prior to testing. Use of the
larval toxicity tests for such low salinity sediments should therefore be discussed with Ecology and
considered on a case-by-case basis.

Oyster larvae may be adversely affected by small sediment grain sizes. Use of oyster larvae for
sediments known to have a high proportion of silt- and clay-size particles is therefore not
recommended (PSEP 1995). Instead, either a sea urchin or sand dollar test would be preferable.
[Placeholder: Add reference to new larval protocol once adopted.]

Among the chronic effects tests, the benthic macroinvertebrate community analysis requires more
time for the collection of samples because five replicate grab samples from each station are
necessary for this analysis (in addition to sediment samples collected for chemical and other
biological tests). The benthic macroinvertebrate community analysis is also generally more
expensive than any of the sediment toxicity tests because of the additional sample processing time
in the field and the cost of sorting and taxonomically identifying the samples.

The choice between the other two chronic tests may depend on the use of the data. The Microtox®
test is quick, relatively inexpensive, unaffected by interstitial salinity or grain size characteristics,
and available throughout the year, but the SMS does not have one-hit rule marine criterion for this
test for determining compliance with the biological effects levels. The SMS do have criteria for the
juvenile polychaete test for any of these purposes. However, Neanthes sp. may be adversely
affected by interstitial salinities <20 ppt. Use of the juvenile polychaete test for sediments having
interstitial salinities <20 ppt will only be approved by Ecology on a case-by-case basis.

3.3.3.2 Freshwater tests
For freshwater sediment evaluations, the following requirements must be met:

e Three toxicity tests using at least two species
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e Both acute and chronic tests

e At least one sublethal endpoint (e.g., growth)

The following freshwater laboratory tests and corresponding endpoints included in the SMS are as
follows:

Acute Effects Tests

e Hoyalella azteca 10-day mortality ASTM E1706-05 (2010)/EPA Method 100.1
(US EPA, 2000)

e Chironomus dilutus 10-day mortality ASTM E1706-05 (2010)/EPA Method 100.2
(US EPA, 2000)

e Chironomus dilutus 10-day growth ASTM E1706-05 (2010)/EPA Method 100.2

(US EPA, 2000)

Chronic Effects Tests

e Hoyalella azteca 28-day mortality EPA Method 100.4 (US EPA, 2000)
e Hyalella azteca 28-day growth EPA Method 100.4 (US EPA, 2000)
e Chironomus dilutus 20-day mortality EPA Method 100.5 (US EPA, 2000)
e Chironomus dilutus 20-day growth EPA Method 100.5 (US EPA, 2000)

The above freshwater sediment bioassay species are available year round.

The SMS criteria were based on benthic toxicity tests considered to be protective of the benthic
community and to a certain extent protective of other receptor groups that may interact with
sediment-borne contaminants. However, there may be some sites which have species of concern
that require alternative toxicity tests, such as mollusks (e.g. the freshwater mussel, Anodonta
californiensis or the gastropod snail, Fluminicola columbiana) or amphibians (e.g. the frog, Rana
pipiens). In such cases, the SMS allows for the use of alternative test species, with approval from
Ecology. The following is a list of bioassays that may be considered in addition to those listed
above. Table 3-4 provides a summary of these alternative tests. Protocols for these tests have not
undergone the same degree of peer review and development as the approved tests listed above. In
addition, interpretive criteria relative to cleanup decisions have not been developed for these tests.
As such, both the protocols and interpretive guidelines must be coordinated and approved by
Ecology.

Amphibians
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e Frog Embryo Test: A 96-hour sediment test with survival and development endpoints of
the frog, Xenopus laevis.

Amphipods

e Hyalella azteca: In addition to the 10-day acute and 28-day chronic sediment tests, this
amphipod can be exposed for 42 days for both survival and growth endpoints.

e Diporeia spp.: A 28-day chronic sediment test with survival and growth endpoints.
Diporeia spp. is a freshwater amphipod found in a variety of substrate types.

Annelid Worms

e Lumbriculus variegates: A 10-day acute sediment with survival endpoint. This species can
also be exposed for 28 days for an evaluation of bioaccumulation.

e Tubifex tubifex: A 10-day acute sediment with survival endpoint or a 28-day chronic
sediment test with survival and reproductive endpoints.

e Pristina spp: A 10-day acute sediment with survival endpoint. Pristina spp. are small,
delicate segmented worms that live in pond and stream sediments.

Crustaceans

e Daphnia spp. or Ceriodaphnia spp: A 7-day chronic sediment test with survival, growth
and reproduction endpoints. These species can also be exposed to sediment elutriates or
suspended particulate phases to evaluate survival and reproduction.

Insects

e Chironomus spp.: In addition to the 10-day acute and 20-day chronic tests, this species can
also be exposed for 40 days in a life cycle test.

e Hexagenia spp.: A 21-day chronic sediment test with survival and growth endpoints.
Mollusks

e Anodonta spp.: A 10-day acute sediments test with a mortality and behavioral (gaping)
endpoint.

As indicated above, the use of alternative tests is only permitted with approval from Ecology.
While the SMS allows for the use of best available science, some of these methods are in different
stages of development. Interpretive criteria relative to cleanup decisions have not been developed
for these tests and as such must be coordinated with the department prior to their use.
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Unlike marine biological criteria, the freshwater biological criteria are based on a comparison to
control treatments; therefore, it is not necessary to collect reference sediments for freshwater
bioassays. This is due to the lack of established reference sites in Washington and the highly
variable responses observed in reference sediments. Comparison to reference treatments may be
allowed on a case-by-case basis.

3.3.4 Selection of bioaccumulation tests or measurements of tissue
concentrations

Bioaccumulation testing or measurement of tissue concentrations is normally conducted using
multiple species, which reduces uncertainty about the results and limits errors in interpretation of
the data. There are three basic methods that can be used to evaluate bioaccumulation potential:

e Laboratory Bioaccumulation Testing. Sediments from the site are collected and taken to a
laboratory, where several species are exposed to the sediments under controlled conditions.
At the end of the test, tissue concentrations are measured and compared to risk-based tissue
levels (see Chapter 9) or background tissue levels (see Chapter 10), provided steady-state
conditions are achieved or can be estimated. This is the most common approach used in
dredging programs, but can also be used at cleanup sites, particularly if there is a concern that
other sources (e.g., water or prey) may be contributing to tissue concentrations.

Two bioaccumulation tests are generally required, utilizing species from two different trophic
niches representing a suspension-feeding/filter-feeding and a burrowing deposit-feeding
organism. For marine sediments, a 28-day or 45-day bioaccumulation test is typically
conducted with both an adult bivalve (Macoma nasuta) and an adult polychaete (Nereis
virens, Nepthys, or Arenicola marina). A 45-day testing period is required for contaminants
that may not come into equilibrium within 28 days, such as PCBs, TBT, DDTs, and
dioxins/furans.

For freshwater sediments, a test is conducted with the oligochaete (Lumbriculus variegatus)
and a second species to be determined at the time of testing. Selection of additional approved
species for freshwater bioaccumulation testing is in progress; this section will be updated
once a recommendation has been reached and public review has taken place.

e In Situ Bioaccumulation Testing. Organisms of the tests species are placed in the field in
webbing or cages and exposed to sediments at the site or project area for a specified length of
time. In situ testing can help integrate toxicity and bioaccumulation testing, because effects
endpoints such as survival, growth, and reproduction have been developed for some
bioaccumulation test species, and can be measured in the same organisms. The main
advantage of this approach is the ability to characterize exposure and effects over space and
time and under environmentally realistic test conditions at the specific site in question. The
main disadvantage is the cost, although costs do not increase incrementally with time as in
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laboratory toxicity or bioaccumulation tests because daily maintenance in the field is not
required. Other disadvantages include the potential for confounding factors in the field, the
difficulty of locating suitable reference sites, and the lack of exposure to subsurface
sediments.

e Collection of Field Organisms. Fish and/or benthic infauna (frequently shellfish, crab, or
bottom fish) may be collected from the site for chemical analysis of contaminants in tissues.
Species to be collected are selected based on their site fidelity, representativeness of feeding
guilds at the site, exposure and feeding strategies, and commercial, recreational, and cultural
significance. Tissue concentrations are compared to human health or ecological risk-based
concentrations in tissues and/or to natural or regional background tissue concentrations. This
approach is primarily applicable to evaluation of the bioaccumulative effects of surface
sediments at cleanup sites.

Laboratory bioaccumulation tests are most appropriate when the bioaccumulation potential of
material proposed for dredging needs to be assessed and concentrations are likely to be higher in
the subsurface sediments than at the surface. Because in situ tests and field organisms are
primarily exposed to surface sediments, these approaches are more appropriate for evaluating
sediments in place, such as assessing site conditions during remedial investigations or sediments
proposed for natural recovery. The bioaccumulation testing approach should be selected to
address all the potential routes of exposure identified in the conceptual site model.

3.4 Frequency and Timing of Sampling

This section provides guidance on the appropriate frequency and timing of sampling for sediment
investigations.

3.4.1 Frequency of sampling

Certain types of sediment sampling may occur only once; other types (e.g., compliance monitoring
or natural recovery monitoring) may occur periodically. In remedial investigations, a single
sampling event may suffice to determine the present state of sediment conditions. In situations
where the initial sampling identifies a problem (e.g., exceedance of applicable numeric chemical
criteria or biological effects criteria), further sediment sampling and analysis may sometimes be
required to define the spatial extent of the problem or to establish gradients that may be useful in
interpreting the source of the problem. In other types of sediment investigations where the goal is
to establish whether there are temporal changes in sediment conditions, the selection of an
appropriate sampling frequency depends on the expected rate of change of sediment conditions.

In relatively quiescent marine or estuarine environments away from large sources of sediments
such as river deltas, conditions within the surface sediments are unlikely to change appreciably in a
few years, even if nearby sources of contaminants are totally eliminated. This slow rate of change
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is because 1) natural rates of sedimentation are very slow, 2) the sediments are subject to
bioturbation by organisms (which may mix relatively clean, newly deposited sediments with more
contaminated sediments at greater depth below the sediment surface), and 3) many of the
contaminants of interest either are not subject to degradation or are only very slowly degraded in
the environment. Therefore, in marine or estuarine areas with very slow rates of sedimentation, a
period of 5-10 years may be required for appreciable changes to occur in surface sediment
conditions.

In freshwater environments, the rate of change in surface sediment conditions may also be
relatively slow if there is little flow (e.g., in lakes, reservoirs, or ponds). However, the rate of
change may be very rapid in rivers or streams, especially where there are large seasonal
fluctuations in flow. Sediments may be deposited near sources during periods of low flow, only to
be swept away and redeposited elsewhere during later periods of high flow. Knowledge of the
local hydrological conditions is therefore essential in selecting an appropriate sampling frequency
in freshwater environments subject to periodic variations in flow.

3.4.2 Timing of sampling

In many sediment investigations, the time of year when sampling is conducted is generally not an
issue. However, factors that could influence the selection of an appropriate time of year may
include the following:

e Seasonal availability of appropriate sediment toxicity test organisms. As described above,
certain test organisms are only available during some times of the year, and sampling will
need to be scheduled accordingly.

e Seasonal variations in sediment conventional contaminant concentrations. If the purpose
of the sampling is to characterize potential toxicity due to contaminants in locations where
concentrations may fluctuate (e.g., conventionals such as ammonia or sulfides), sampling
should scheduled when concentrations are likely highest.

e Normal seasonal variations in the abundance of benthic macroinvertebrate organisms.
Benthic macroinvertebrate assemblages are constantly changing over time. Although the
ways in which they change over time are not always known in detail, it is preferable to
sample when the population estimates are subject to the least natural variability. In Puget
Sound, for example, both the numbers of individuals per sample and the variability among
stations are lowest in late winter or early spring, making that the best time of the year for
sampling benthic macroinvertebrate assemblages (PSEP, 1987). Sampling of benthic
macroinvertebrate assemblages can certainly occur at other times of the year, but the
higher natural variability makes it more difficult to discern differences among stations. It
may be necessary, for example, to collect and analyze additional replicate samples to
achieve the same statistical power. Regardless of the time of year selected, however, it is
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essential that all samples being compared (e.g., site stations vs. reference stations, site
stations vs. stations sampled historically) be collected at the same time of year. If multi-
year temporal trends are of interest, sampling in successive years should be conducted
during the same season.

e Periodic variations in the quantity or quality of a discharge. If the goal is to investigate
potential effects of a point source, periodic variations in the quantity or quality of the
discharge must be taken into account. For example, sediments in the vicinity of a
wastewater discharge from a seasonal food processing plant should be sampled during or
soon after periods of high food processing activity.

e Tidal stage. In coastal areas, the stage of the tide (e.g., neap tide, spring tide) may
influence selection of the time of sampling, either because of access restrictions to the site
(e.9., a large sampling vessel may only have access during high spring tides; sediments
may be sampled by personnel on foot during low spring tides) or because of the effect of
tidal currents on the sediment regime (e.g., the strongest tidal currents occur during spring
tides and may scour the bottom, while periods of neap tides may be relatively quiescent).

e River stage. For sediment sampling in riverine environments subject to pronounced
seasonal variations in flow, it may be more appropriate to sample during or near the end of
periods of low flow when sedimentation is more likely to occur. Periods of low flow may
also represent the optimal time for sampling if there is reason to believe upland
contamination may be migrating to aquatic areas through seeps. Alternatively, periods of
high flow may scour away a veneer of relatively clean sediments, exposing more
contaminated sediments deposited earlier. Drawdown of the water level behind Columbia
River dams for fish passage may be an important consideration.

3.4.3 Phasing of sampling and analysis

In some cases, it may be desirable to conduct certain aspects of a sediment investigation
before others. For example, it is often desirable to sample and analyze sediments for chemical
contaminants first and then to conduct biological tests only in the event that chemical
concentrations exceed applicable numeric criteria. Biological results from a full suite of acute
and chronic tests can be used to override chemical criteria exceedances. It may be less time
consuming and more economical to collect enough sediment samples during a single
sampling event to perform both chemical and biological testing without having to remobilize
and resample when biological testing is needed. This strategy is only practical, however, if the
chemical analyses can be conducted and the results evaluated within the maximum holding
times of the sediments for biological testing. Such a strategy is particularly valuable because
both chemical analyses and biological tests can be conducted on subsamples of the same
homogenized sediment sample, which facilitates interpretation of the data. If a separate field
sampling effort must be conducted to collect sediments for biological testing, it is generally
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impossible to resample the exact locations where the previous chemical samples were
collected and chemical analyses may need to be repeated to facilitate biological test
interpretation.

In cases where there are no adopted numeric chemical benthic criteria for the contaminants of
concern at the site, Ecology recommends that biological testing be conducted first or
concurrently with sediment chemistry to provide a direct assessment of whether there are any
adverse biological effects. Biological testing may also be recommended if the chemicals of
concern have numeric criteria, but there is reason to believe they may be present in a less
bioavailable form (e.g., metals in sandblast grit, slag, or paint chips).

3.4.4 Schedule

Each sampling and analysis plan should include a schedule that clearly specifies the time when
each element of the sediment investigation will be completed. Elements to be scheduled include:
e Field mobilization

e Field sampling

e Field demobilization

e Shipment of samples to laboratories

e Maximum holding times

e |Initiation and completion of chemical analyses

e Initiation and completion of biological testing

e Initiation and completion of data validation

e Submittal of data to Ecology’s Environmental Information Management System (EIM)

e Submittal of draft report to Ecology

e Submittal of final report to Ecology

Along with the schedule, a brief discussion should be provided describing the rationale for the
frequency, timing, and phasing (if any) of the sediment sampling and analyses.

3.5 Sampling Station Locations

Selecting locations for sampling is potentially one of the most subjective aspects of designing a
sediment monitoring program and, therefore, one of the areas requiring the most guidance. This
section provides guidance on locating stations relative to known contaminant sources or known
or suspected areas of sediment contamination, selecting appropriate water depths for sampling
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stations, and selecting the appropriate depth interval in the sediments to be sampled. A brief
discussion is then provided of other factors that should be considered when selecting appropriate
sampling station locations.

3.5.1 Contaminated sediment sites

The selection of appropriate sampling station locations depends on whether the study is an initial
investigation to determine whether there is sediment contamination (e.g., initial site
investigation, due diligence [property transfer] investigation where sediment contamination is
suspected) or a sediment cleanup investigation (e.g., where the existence but not the spatial
extent of sediment contamination has already been documented).

3.5.1.1 Initial investigation

For initial investigations where there is no prior information available on sediment quality
conditions, the appropriate number and locations of sampling stations will be largely dependent
on site characteristics. Because station clusters of potential concern are defined in the SMS on
the basis of sediment conditions at a minimum of three stations, it is necessary to locate at least
three stations in any discrete area for which a decision is to be made. If the area is large or
complex, more than three stations will be necessary to adequately identify station clusters of
potential concern. If nothing is known about past uses of the site and there are no obvious
sources of sediment contaminants, the stations may be placed randomly throughout the area. In
most cases, however, available site information will provide an indication of areas that should be
targeted for sediment sampling. The following guidelines should then be used in selecting
appropriate sampling station locations:

If there are areas of known or suspected upland soil contamination, some stations should

be placed adjacent to the shoreline, either evenly spaced or focused on areas adjacent to
upland areas with high soil contamination.

e Sampling stations should be placed in the vicinity of current or historic point source
discharges, including wastewater outfalls, storm drains, combined sewer overflows,
oil/water separators, or ditches carrying runoff. If those point sources are located in an
area of high flow (e.g., in rivers), it may be necessary to sample instead at the nearest
area(s) where sediment deposition is likely to occur.

e Sampling stations should be placed in the vicinity of loading docks, particularly if
pipelines carrying oil or other products were or are present. The sampling stations should
be placed along the length of the dock where the pipelines were or are present, with some
stations placed as close as possible to manifold or loading areas on the dock or at the
shoreline.
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If there are areas along the shoreline where boats were refueled, sandblasted, or
maintained, sampling stations should be placed offshore of those areas.

Where groundwater is known or suspected to be contaminated, sampling stations should
be placed in any areas (usually intertidal or shallow subtidal) where groundwater may be
discharged to the water body (i.e., seeps).

Sampling stations should be placed in any areas where it is known or suspected that
wastes were discharged, spilled, or otherwise released.

In leased areas and/or if upstream or general area-wide contamination is suspected,
sampling stations should be placed along the property boundaries.

If sediment toxicity testing is to be conducted, one or more reference stations should also
be sampled to match the sediment grain size of the site sediments. If benthic mac-
roinvertebrate community assemblages are to be evaluated, water depths at reference area
and site stations should be similar. Ecology may also allow use of a benthic
administrative reference performance standard on a case-by-case basis.

Sampling stations should be placed in depositional areas and/or areas shown to have
accumulated sediments over time (e.g., where bathymetric surveys show net
accumulation over time).

Sampling stations should be placed in areas where there are natural resources such as
shellfish and eelgrass beds.

Areas where humans may be exposed (beach or clamming areas) should be characterized.

3.5.1.2 Remedial investigations

For investigations where there is information available indicating that the sediments are
contaminated, the appropriate number and locations of sampling stations should be selected to
address the following objectives:

Stations should be placed in any areas suggested for an initial investigation, if those areas
have not been sampled previously.

Stations should be placed to determine the spatial boundaries of the area within which the
SCO and CSL criteria are exceeded. Stations should be placed closely enough together to
provide a reasonably accurate estimate of the area(s) that might need to be considered for
active remediation (e.g., dredging or capping).
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e Additional stations may be useful to identify gradients in contamination or the sources of
contaminants. Differentiation among various sources of the sediment contaminants is
important to determine whether the areas of influence overlap or are separate, to establish
whether there has been sufficient source control to proceed with cleanup, and to allocate
liability among multiple liable persons.

e The use of sediment cores at selected stations will be necessary for calculation of the
volume of contaminated sediments that must be considered for remedial alternatives that
include dredging. Core samples may also be collected and dated to estimate sediment
deposition rates (sediment traps also may be used) if a natural recovery evaluation or an
evaluation of the potential for recontamination is needed. Analysis of both lead-210 and
cesium-137 is highly recommended to assist in the interpretation of core dating results.
Cores collected to evaluate the depth of contamination and cores collected for dating
normally have different compositing intervals and analyses, and generally cannot be used
for both purposes.

e For stream and river systems, station frequency and locations should be sufficient to
detect downstream gradients from a suspected source or locations shown to have
contamination during the initial investigation. This can be achieved by dividing the study
region into linear segments with sample transects located systematically across each
segment. The length of segments will be decrease close to the suspected source. Up-
gradient samples must be collected to define the extent of the affected area or to capture
any other potential release points.

e For pond and lake sediment, samples should be biased towards adjacent inflow/outflow
areas and topographically low/deep areas where sediment is likely to accumulate. If there
is no basis for developing a sampling grid, a random sampling design is recommended.

In general, it is highly recommended that each station be specifically located to accomplish one
or more of the above objectives, and that the purpose of each station is described in the sampling
plan or work plan. This will help minimize the number of samples needed and will ensure that
the objectives of sampling are clearly understood by all involved.

3.5.1.3 Source control evaluations

Most sediment investigations for source control are expected to be either baseline monitoring or
SIZ maintenance monitoring. In the following sections, the selection of appropriate sampling
station locations in the vicinity of existing point sources (e.g., permitted wastewater discharges)
is discussed in the context of whether it is baseline monitoring or SIZ maintenance monitoring.
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3.5.1.3.1 Baseline monitoring

The intent of baseline monitoring is to determine whether there are current SQS exceedances in
depositional areas likely to be affected by a given discharge and whether those exceedances
appear to be caused by the discharge. Baseline monitoring is generally not intended to accurately
delimit the area over which there are SQS exceedances or to definitively link those exceedances
to the discharge. Baseline monitoring should provide for detection of SQS exceedances and
determination of whether those exceedances are greater in areas likely to be affected by the
discharge or of a more general, area-wide nature, which might suggest contaminant inputs from
other local sources.

The selection of appropriate sampling station locations for baseline monitoring is highly site-
specific. The number of sampling stations is not fixed, but Ecology has found that a range from
about 6 to 18 stations will generally suffice for most situations. The following provides some
examples of station arrays using that range of numbers of stations.

For discharges with a low likelihood of sediment impacts (e.g., those with relatively small
volumes of wastewater and low concentrations of contaminants), an array of 6 stations may
suffice. The stations should be located along a transect extending from the point of discharge to a
point downstream (or in the direction of predominant current flow) sufficiently far away from the
discharge to be beyond likely effects of the discharge (Figure 3-3). If flow is unidirectional (e.g.,
in a river), it may suffice to have one station of the transect upstream of the discharge to define
background conditions. If flow is bidirectional (e.g., as in many Puget Sound marine
environments where tidal currents predominate), the 6 stations might be arrayed along a transect
spanning the discharge along the axis of predominant current flow. In general, these stations will
be at a similar depth because currents typically flow along contours of equal depth. For
discharges with a high likelihood of sediment impacts (e.g., those with relatively large volumes
of wastewater and high concentrations of contaminants), or for discharges to more complex
receiving environments, it may be necessary to have two to three transects, each with up to

six stations extending out from the point of discharge (Figure 3-3).

The appropriate spacing of stations along a transect will vary with both the volume of the
discharge and the velocity of currents in the vicinity of the discharge. In the case of minor
discharges and relatively weak currents, the entire transect may be on the order of several tens of
meters in length. As the volume of the discharge or the velocity of currents in the receiving water
increases, the length of the transect should increase. For the very largest volume discharges (e.g.,
major municipal sewage discharges of approximately 100 million gallons per day) to receiving
waters with significantly stronger currents, an appropriate transect could be on the order of
hundreds of meters in length. If the current in the immediate vicinity of the discharge is so strong
that sediments are unlikely to accumulate there, the stations should not be positioned along a
transect. They may need to be located in the nearest depositional area where sediments are likely
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to accumulate. In rivers and certain estuarine environments with strong currents, such
depositional areas may be far removed from the point of discharge.

Site-specific conditions will modify these general guidelines. For example, an appropriate
baseline monitoring program for a permittee with multiple points of discharge all within the
same general vicinity may require a larger number of stations. These stations should be spread
throughout the entire area, but not at the same station-to-discharge ratio as for an isolated single
discharge. Figure 3-4 provides several examples of how stations might be positioned for a
discharge with a moderate likelihood of sediment impacts, using a total of 10 stations, both with
and without multiple points of discharge. A single point discharge into a complex receiving
environment with multiple contaminant sources in the local area may require a larger number of
stations. These stations should be arrayed along transects extending away from the single point
discharge in the direction of other known or suspected contaminant sources. Without such a grid
of stations, it would be difficult to evaluate whether any exceedances of criteria are attributable
to a given discharge.

3.5.1.3.2 SIZ Maintenance Monitoring

The purpose of SIZ maintenance monitoring is to demonstrate that sediments within an
authorized SIZ do not exceed the SIZy.x humeric chemical or biological criteria established in
the SIZ authorization. Furthermore, it is necessary to demonstrate that sediments outside the
authorized SIZ do not exceed the SQS numeric chemical and biological criteria established in the
SIZ authorization. Hence, it is equally important to sample both within and outside the
authorized SIZ.

Although it is difficult to provide detailed guidance on the selection of appropriate sampling
station locations for SIZ maintenance monitoring, it is possible to define the range of possible
scenarios. For relatively small discharges in an area removed from other potential contaminant
sources, an appropriate maintenance monitoring program might include approximately 6 stations
(Figure 3-5). Four of the 6 monitoring stations should be placed within the S1Z, and the
remaining two stations should be placed on opposite sides of the discharge just beyond the S1Z
along the axis of predominant current flows.

For relatively large discharges, or in an area where there are other nearby contaminant sources,
an appropriate maintenance monitoring program might include as many as 15 stations (Figure 3-
5). As many as 9 of the monitoring stations may be placed within the SIZ for discharges far
removed from other contaminant sources. If there are other nearby contaminant sources, it may
be appropriate to position fewer stations within the SIZ. The remaining stations should be
arrayed along transects extending from just beyond the SIZ toward other contaminant sources to
investigate possible gradients in contaminant concentrations. The higher density of stations is
warranted for major discharges to establish patterns of sediment contamination, investigate
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potential impacts from other contaminant sources, and collect representative samples of
sediments within the potentially larger SIZ.

The locations of some maintenance monitoring stations may be selected to confirm predictions
of the SIZ model. In some cases, the size of the authorized SIZ may be determined based on
existing conditions. However, because of expected decreases in contaminant loading as a result
of upgrading the wastewater treatment, the area exceeding the numeric criteria may be expected
to decrease in the future. In such cases, some of the maintenance monitoring stations within the
SIZ should target the area between the initially authorized SIZ and the area expected to exceed
SQS numeric criteria under the improved discharge conditions. In other cases, the size of the
authorized SIZ may be determined based on S1Z model predictions using higher loading rates
than those at present. In such cases, the area currently exceeding the SQS numeric criteria may
be expected to increase in the future. Some of the maintenance monitoring stations within the
SIZ should target the area immediately beyond the sediments currently exceeding the SQS
numeric criteria to confirm the S1Z model predictions. In all cases, some of the maintenance
monitoring stations should be located just beyond the authorized SI1Z boundary, because
exceedances of SQS numeric or biological effects criteria beyond the SIZ that were attributable
to the discharge would represent a violation of the SIZ authorization.

3.5.2 Water depth

The depth of water at a given sampling station is an important consideration. After sampling
stations have been located (e.g., at the point of discharge from an outfall, at the location of an
area of presumed sediment contamination), it is generally advisable to position additional
stations for comparison. The site stations will be compared at similar depth(s), because currents
typically flow along contours of equal depth rather than across them. Reference area stations for
benthic macroinvertebrate investigations should also be at a similar depth to any site stations for
comparison because benthic macroinvertebrate assemblages are known to be stratified by depth.
It is not important, however, to collect reference area sediments for sediment toxicity tests from
depths similar to those of the site stations.

Although the guideline of locating stations to be compared with one another at similar depths is
generally applicable, it will not always be possible. For example, a grid of stations within an area
of suspected sediment contamination may include stations at various depths. Also, transects
designed to investigate potential gradients in sediment conditions between two point sources will
include stations at different depths if the point sources are at different depths. Therefore, some
flexibility in this general guideline will often be necessary.

3.5.3 Sampling depth interval

The SMS numeric chemical and biological criteria are to be used to characterize the condition of
surface sediments as defined in WAC 173-204-200. Sediment sampling is therefore focused on
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assessing the condition of sediments where there may be a pathway to ecological or human
receptors. Contamination of sediments at depths below the biologically active zone is generally
not of as great a concern unless exposure can occur.

Past studies in Puget Sound have demonstrated that the majority of marine benthic
macroinvertebrates are generally found within the uppermost 10 cm of the sediments. However,
some important commercial and subsistence shellfish species (e.g., geoduck) may be found at
deeper depths. In the absence of such species, Ecology typically requires sampling of the
uppermost 10 cm of sediments for comparison with the applicable criteria. The biologically
active zone in freshwater sediments is highly site-specific, and there is no rule of thumb that can
be applied. The biologically active zone for freshwater sites will need to be determined as part of
the remedial investigation.

Sediments being characterized for protection of human health are frequently composited over a
depth of 45 cm to assess risk from intertidal activities such as shellfish collection and beach play.
However, this biologically active zone may also be site-specific, depending on the exposure
pathways being evaluated. In all of the cases above, Ecology may require or the liable person
may request use of a different biologically active zone depending on the species, exposure
routes, and conditions present at the site.

In some cases, monitoring data may be used to interpret temporal changes in sediment
conditions. Such cases may include ambient monitoring programs or monitoring of a cap placed
over contaminated sediments as a remedial action. In such cases, it would be appropriate to limit
the sampling to the uppermost 2 cm of sediments, which would represent the most recently
deposited particulate matter. If deeper sediment samples were collected and analyzed, older
sediments would be included in the samples, making it more difficult to detect temporal changes
in sediment conditions.

The targeted depth of sediments to be sampled may influence the selection of appropriate
sampling station locations, because sediment grain size may vary spatially and affect the ability
to collect samples from the targeted depth with the available sampling gear. The targeted depth
of sediments to be sampled will also influence the selection of the most appropriate sampling
gear (see Section 3.6.2).

In sediment cleanup investigations, it will often be important to characterize sediment conditions
below the biologically active zone to estimate the volume of sediments potentially requiring
remediation. In general, it will be necessary to sample the sediments over the entire depth of
suspected contamination, and just below the depth of contamination, to predict the condition of
surface sediments if the overburden is to be removed as part of remediation. Factors to be
considered in assessing the depth of sediments that may be contaminated include:
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e The depth of the sediment layer potentially subject to anthropogenic influences (e.g., the
depth of sediments that have accumulated over a known horizon such as the maximum
dredged depth within a navigation channel or berth).

e The depth of sediments potentially affected by historical activities, recent activities, or
ongoing activities.

e Local sedimentation rates.

e The potential for disturbance or exposure of the sediments, either through intentional
(e.g., maintenance or remedial dredging), unintentional (e.g., propeller scour, log-raft
grounding), or natural (e.g., erosion) means.

e The pathway for introduction of the sediment contaminants (e.g., a one-time spill, a long-
term discharge, groundwater intrusion).

3.5.4 Other factors

Several additional factors may need to be considered in the selection of appropriate sampling
station locations. To be most useful, reference area sediment samples for sediment toxicity tests
or for evaluations of benthic macroinvertebrate assemblages should be collected from locations
where the sediment grain size and organic content are similar to site sediments. Information on
the sediment grain size, organic content, and contaminant concentrations of selected Puget Sound
reference areas is available in PSEP (1991). Ecology recommends use of reference sediment
stations from those areas for all Puget Sound investigations.

Freshwater sediment biological tests are often compared against laboratory negative control
sediments because recommended freshwater reference areas have not been identified. However,
Ecology may approve the use of freshwater reference stations on a case-by case basis. If used,
reference stations for freshwater sediment investigations should be selected to match site stations
as closely as possible, with the exception of documented contamination. Accordingly, they
should be placed as far as practical from known or suspected contaminant sources. A process for
selection of freshwater reference sites is described in the 2008 SMARM paper Reference Areas
for Freshwater Bioassays (see Appendix B, Bioassays section).

Depending on the purpose of the sediment investigation, it may be prudent to avoid locating
sampling stations within areas that have recently been dredged, capped, or otherwise affected by
construction activities.

Factors such as bottom slope, currents, vessel traffic, and debris or obstructions on the bottom
may affect the ability to collect sediment samples and should be considered when selecting
appropriate sampling station locations. In some cases, such factors may preclude sampling within
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an area of interest. In other cases, careful planning of the timing of sampling may allow access to
locations during periods of slack currents or reduced vessel traffic.

3.6 Field Sampling Methods

This section provides guidance on the selection of appropriate field sampling methods for sediment
investigations. Included are discussions of station positioning methods, sampling equipment,
decontamination procedures, sample compositing, sample containers and labels, field
documentation, and disposal of contaminated sediments.

3.6.1 Station positioning

Station locations for sediment sampling should generally be accurate to within £3 meters. The
sampling location shall be referenced to the actual deployment location of the sampler using GPS
or a similar system. For hard-to-reach areas such as under piers or other structures that may be out
of line-of-sight, distances can also be measured using tape or other means from known surveyed
points or structures.

Station locations should be reported in latitudes and longitudes (to the nearest hundredth of a
second) or in state plane coordinates, in Washington State Plane South Zone with a datum of NAD
83 HARN in units of U.S. survey feet.

3.6.2 Sampling Equipment

In all sediment investigations, the primary goal of sediment sampling is to collect a sample that
accurately represents in situ conditions. The sampling equipment selected will depend on the study
objectives, the numbers and types of analyses required, the available sampling vessel, weather
conditions, the type(s) of sediment being collected, and the sampling depth.

There are two general types of sediment samplers: surface sediment samplers and subsurface
sediment corers. Collection of surface sediment samples is usually required for physical, chemical,
and biological analyses. Sediment corers can provide samples and profiles of subsurface sediments
in which in situ conditions are preserved. The surface layer may be disturbed by some types of
corers immediately prior to impact by the water being pushed ahead by the corer. Distortion caused
by compaction of the sediment during collection can also occur. Sediment corers are most often
used for chemical analyses in subsurface sediments and for bulk characterization of sediments for
evaluation of dredging and disposal options. Although rotary drilling methods would also be
capable of collecting long sediment cores, even in areas with consolidated sediments, they have
only rarely been used in sediment investigations because of the greater cost of a drilling rig.

The advantages and disadvantages of various sediment samplers are summarized in Table 3-5.
In-depth discussions of sediment samplers can be found in Baudo (1990), Burton (1992), Mudroch
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and MacKnight (1991), APHA (1989), and ASTM (2002). An overview of the two general types
of sediment samplers is presented in the following sections.

3.6.2.1 Surface Sediment Samplers

Surface sediment samplers are usually designed as a box with a set of jaws, or a rotating bucket,
that takes a wedge-shaped bite out of the surface sediment. These samplers allow the collection of
small or large sample volumes and can be effective for a wide range of surface sediment types.
They are easy to use, and the smaller grab samplers allow hand deployment and retrieval from a
small boat. Grab samplers generally do not disturb the surface sediment significantly unless they
overpenetrate. Penetration depth of grab samplers can be highly variable, depending on sampler
design and sediment composition. Disadvantages of the grab sampler include the uncertainty of the
depth of sediment penetration and the loss of sample integrity when the sampler is retrieved and
opened. Box corers, which consist of a metal box with a closing mechanism to seal the bottom of
the core, overcome these disadvantages but are generally heavier and require a winch and a larger
sampling vessel.

When selecting a surface sediment sampler, the method of retrieval, the type of sediment, the
required sample volume, and the strength of currents at the site should be considered.

3.6.2.2 Subsurface Sediment Corers

Sediment coring is generally accomplished by inserting a cylindrical tube into the sediment,
closing the top of the tube, and withdrawing a sediment core. Subsurface sediment corers differ
greatly in size and complexity. Small push corers and small gravity corers can be retrieved by hand
and used from a small boat. Larger and more complicated corers such as piston corers, vibracorers,
and impact corers require a lifting boom, a winch, larger sampling vessels, and more field crew.

Problems in sediment coring are often associated with inadequate sediment penetration, core
distortion, or inadequate core retention during corer retrieval. Heavy weights or vibrations applied
to the core tube can improve penetration in dense sediments. Various types of core “catchers”
installed at the lower end of the core tube can prevent sample loss in unconsolidated sediments;
however, these catchers can also impede penetration in compacted sediment as well as disrupt
surface sediments. Corer deployment can also be difficult under certain conditions. It may be
necessary to 3-way anchor the sampling vessel to maintain a steady position while the corer pene-
trates into the sediment. Trying to core in a strong current or wind, even with the vessel properly
anchored, can result in the corer entering the sediment at an angle or core tubes being bent during
retrieval.
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3.6.3 Recommended sampling equipment

In shallow water that would be inaccessible to the large vessels required for deploying large grab
samplers or sediment corers, collection of sediment samples is generally accomplished through the
use of small grab samplers that can be operated by hand or through the use of hand-held sediment
corers. In deeper water accessible to large sampling vessels with power winches, the most
commonly used grab sampler in sediment investigations in the Puget Sound region is the modified
0.1-m* Van Veen grab sampler. This grab sampler achieves good penetration (generally 10-20 cm
in soft sediments), with minimal disturbance of the sediment surface, and is the recommended
sampling equipment for collection of shallow surficial sediments (e.g., 0-2 cm). Recommended
procedures for using sediment grab samplers are described in detail in the PSEP protocols (PSEP,
1986).

Sediment samples collected with a grab sampler should be carefully inspected to ensure that the
following acceptability criteria are satisfied:

The sampler is not over-filled so that the sediment surface is pressed against the top of the
sampler.

e Overlying water is present (indicates minimal leakage).
e The overlying water is not excessively turbid (indicates minimal sample disturbance).
e The sediment surface is relatively flat (indicates minimal disturbance or winnowing).

e The desired penetration depth is achieved (e.g., several centimeters more than the targeted
sample depth).

If a sediment sample does not meet all of these criteria, it should be rejected. Any sediment grab
sampler proposed for use should be capable of achieving these acceptability criteria.

In coarse, sandy sediments, the Van Veen grab may not yield sufficient penetration if the goal is to
sample the upper 10 cm. In that case, it may be necessary to employ a box corer, which is generally
capable of acquiring relatively undisturbed sediment cores up to several tens of centimeters in
depth. Box corers, however, are usually larger and heavier, requiring a larger sampling vessel for
deployment. If the goal is collection of longer sediment cores, use of either vibracorers or impact
corers is recommended.

3.6.4 Decontamination procedures

Procedures for decontaminating field sampling equipment are briefly described in PSEP (1997c).
Some methods recommended therein (e.g., use of methylene chloride as a solvent) are no longer
recommended. In general, decontamination procedures for field sampling equipment should

include scrubbing the equipment with a brush and phosphate-free detergent solution, rinsing with
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clean site water, rinsing with solvent (acetone, followed by hexane, is often recommended) and/or
acid, and rinsing again with clean site water (for marine or estuarine investigations) or with
deionized water (for freshwater investigations). The solvent rinse should be omitted if the samples
are to be analyzed for volatile organic compounds. It is generally not necessary for sampling
equipment to be decontaminated between collecting composite sediment samples from a single
station.

Decontamination procedures routinely applied in analytical laboratories (e.g., use of a hot water
rinse) may represent an unnecessary burden in the field. Because the recommended field
decontamination procedures are less rigorous, other precautions can be taken to minimize sample
contamination. For example, it is generally recommended that the sediments collected for chemical
analyses be collected away from the surfaces of the sampling device, thus minimizing the
possibility of contaminating a sample with any residues left on the sampling device from earlier
sampling. If the general distribution of contamination is known, the potential for cross-
contamination can also be reduced by sampling the cleaner sites first and working into areas of
highest contamination last. It should be recognized that most sediment sampling gear is lowered
through the water column prior to collection of the sediment sample, so the surface of the sampling
device will come in contact with potentially contaminated water overlying the sediment surface.

3.6.5 Sample compositing

Ideally, chemical analyses should be conducted on discrete sediment samples collected from a
single cast of the sampling device at each station. In practice, it is often necessary to collect more
than one cast of sediment sample per station when the proposed analyses (including chemical
analyses, physical analyses, and toxicity testing) require larger volumes of sediment from the
targeted depth (e.g., 0-10 cm) than can be acquired in a single cast of the sampling device. In such
cases, multiple casts of the sampling device should be made at the same station, taking care to
sample as close as possible to other casts at that station. Sediments collected from the targeted
depth with each cast of the sampling device should be combined with the other sediments collected
from that depth at that station and, after removal of unrepresentative material (e.g., woody debris,
shells, rocks) at the discretion of the chief scientist, homogenized to a uniform appearance by
stirring. Subsamples should then be taken from this composite sediment sample for chemical
analyses, physical analyses, and toxicity testing.

There are two cases when sediments collected for analysis should not be composited and/or
homogenized. First, sediment samples collected for the analysis of potentially volatile chemicals
(e.g., total sulfides, volatile organic compounds) should be taken from the sampling device
immediately after retrieval and placed in appropriate sample containers prior to homogenization
and subsampling for other analyses. Second, sediment samples collected for the analysis of benthic
macroinvertebrate community assemblages should be handled as separate and distinct replicates
and never be homogenized. Sieving the entire sediment sample preserves the spatial
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representativeness of the benthic sample, which is vitally important because the abundances are
expressed as numbers per unit area. Sediment required for chemical analyses, physical analyses, or
toxicity testing should be collected in one or more casts of the sampling device separate from those
used for sampling benthic macroinvertebrates at that station.

3.6.6 Sample containers and labels

Different amounts of sediment are required for different types of analyses (Table 3-6). In designing
a sediment investigation, the total amount of sediment required from a given station should be
calculated given the types of analyses that will be required. The total amount of sediment to be
required will have an effect on the selection of appropriate field sampling equipment, the time
required for collection of the samples, and on the provision of appropriately sized field equipment
(e.g., bowls for homogenizing the sediments). Allowance should be made for collecting additional
sediment that may be required for field duplicate samples, laboratory QA/QC samples, repeated
analyses in the case of laboratory error or failure of a toxicity test, and archiving of sediment
samples for future analyses, if appropriate. Consideration may be given to collecting twice the
volume of sediments required for toxicity tests. Half of these sediments could be archived so that if
the tests need to be rerun, resampling will not be necessary. For sediment investigations requiring a
broad spectrum of chemical and biological analyses, the total volume of sediments may be rather
large (10 L or more). Depending on the depth of sediments to be collected and analyzed, this total
amount will, in most cases, require multiple casts to be made with the sampling equipment at each
station.

The appropriate types of sample containers depend on the analyses to be conducted (Table 3-6). If
the same laboratory is to perform a number of the analyses, it is not necessary for each type of
analysis to have a separate sediment sample jar; two or more sediment subsamples from the same
station may be combined in a single sample jar as long as the required container types are the same
(Table 3-6) and the sample preservation methods and maximum holding time are compatible
(Table 3-7). The analytical laboratory should be consulted for guidance on which subsamples are
appropriate to combine in the same jar. In most cases, the analytical laboratory should be
responsible for providing the sample jars and ensuring that the jars have been cleaned and prepared
in accordance with methods described in the PSEP protocols (PSEP, 1997¢).

Self-adhesive labels should be attached to the outside of all sediment sample containers. The
following information should be provided on each sample label in waterproof ink: a sample iden-
tification number, the site or project name, the station number, sampling date and time, sampling
personnel, and preservative (if appropriate). Benthic macroinvertebrate samples that have been
sieved and preserved with formalin should be inserted into sample containers with labels
completed as above.
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3.6.7 Field documentation

To ensure proper record keeping, most environmental consulting firms or others who regularly
conduct sediment investigations have standardized forms for recording field activities. Although
the content of such forms may vary, the following represents a suggested list of appropriate forms:

e Field log. General information such as the names of the field crew, arrival and departure
dates and times, weather, and other miscellaneous observations should be recorded in a
field log.

Station/sample log. Each gear deployment event should be recorded on a station log sheet.

One or more station/sample log sheets may be completed for each station where sediment
sampling is conducted. The station name, date, time, gear and cast number, water depth,
and location coordinates should be recorded on each log sheet. Penetration depth, sediment
type, sediment color, sediment odor, presence of any organisms, and obvious evidence of
contamination (e.g., sheen, wood waste, oil droplets, sandblast grit, paint chips) should also
be recorded, as well as the sample type, sample identifier, and unique sample number. If
any materials such as woody debris, shells, or rocks are removed prior to homogenizing the
sample, the type of material and approximate quantity should be noted. Any deviations
from the sampling and analysis plan that were necessitated by field conditions should also
be noted on the station/sample log sheet.

Sample analysis request form. Each set of samples sent to a laboratory should be

accompanied by a sample analysis request form that identifies the samples by their unique
identification number. This form should identify any preservative or other sample
pretreatment applied and the analyses to be conducted by referencing a list of specific
analytes or the statement of work for the laboratory. One copy of this form should be
retained by the chief scientist, and one copy should accompany the shipment of samples to
the laboratory.

e Chain-of-custody form. See Section 5.1.

It should be the responsibility of the chief scientist to see that all of the necessary forms are
completed accurately and that all pertinent information is recorded.

3.6.8 Disposal of contaminated sediments

In most sediment investigations, it is generally considered acceptable practice to return excess
sediments collected and not needed for analysis to the water at the station where they were
collected. Sediments with visible evidence of contamination (e.g., oily droplets, sheen, paint chips,
sandblast grit, other wastes) should not be returned to the water, but instead they should be retained
in a watertight drum on board the vessel for later disposal onshore. In addition, in some cases
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sediments may be brought to shore for compositing and subsampling and it may not be practical to
return any excess sediments to the station where they were collected. In such cases, the excess
sediments should also be retained for appropriate disposal onshore. Decisions regarding the
appropriate disposal for excess sediments may have to await receipt of the results of chemical
analyses of the sediments. Sediments are rarely sufficiently contaminated to require special
handling and disposal as dangerous or hazardous wastes, but provisions must be made for
appropriate disposal if that were the case.

3.7 Sample Handling Procedures

This section provides guidance on procedures designed to ensure sample integrity between the
time of field collection and the time of analysis in the laboratory. The best analytical methods
and procedures can fail and yield incorrect data if samples are improperly handled and prepared.
Guidance is included on sample storage requirements, chain-of-custody procedures, and delivery
of the samples to analytical laboratories.

3.7.1 Sample storage requirements

Appropriate methods for sample preservation (e.g., freezing, refrigerating, fixation) and sample
storage (e.g., maximum holding time) are dependent on the type of analyses that a sample is to
undergo (e.g., chemical/physical analyses, toxicity testing, analysis of benthic macroinvertebrate
communities).

3.7.1.1 Chemical/physical analyses

All sediment samples intended for chemical/physical analyses should be transported to the
analytical laboratory on ice at 4 °C. Upon receipt at the laboratory, storage temperature and
maximum holding time will be determined based on the analyses to be performed. In some cases,
the requirements may vary, depending on how long it will be before the laboratory expects to
analyze the samples. Required storage temperature and maximum holding time are presented in
Table 3-7. Sediment samples may be archived for later analysis by freezing them and holding
them at -18 °C except for the analysis of grain size, ammonia, total sulfides and volatile organic
compounds; allowance for expansion of the sample should be made to prevent breakage of the
sample bottles upon freezing. The archived samples may be thawed within the maximum holding
times listed in Table 3-7 and analyzed for any of the analytes, except for ammonia, total sulfides,
volatile organic compounds, and grain size.

3.7.1.2 Toxicity testing

All sediment samples intended for toxicity testing should be transported to the toxicology
laboratory on ice at 4 °C. The samples should be held in the laboratory in the dark at 4 °C and
should not be frozen. Note: There are special cases where freezing a sediment sample prior to
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conducting bioassays may be appropriate to eliminate indigenous species that may interfere
bioassay test results. In these cases, Ecology must approve of such plans prior to freezing the
sample. According to the PSEP (1995) toxicity test guidelines, all toxicity tests should be
initiated as soon as possible (ideally within 2 weeks of collecting the samples in the field).
Maximum holding times are important in investigations that rely on tiered testing, in which
chemical analyses are conducted prior to toxicity testing. This tiered approach is used by the
DMMP for evaluating dredged sediments for unconfined, open-water disposal in Puget Sound.
The DMMP allows sediment samples to be held at 4 °C in the dark in a nitrogen atmosphere up
to 8 weeks prior to toxicity testing. Because the results of recent studies evaluating the effects of
sediment holding time on sediment toxicity have been variable, it is prudent to store sediments
for as short time as possible after field collection. If there are no other compelling reasons (such
as the tiered testing schedule under the DMMP), a maximum holding time of 2 weeks is
recommended, based on the best professional judgment of regional investigators and on
logistical constraints. If logistical constraints mandate a holding time greater than 2 weeks, the
DMMP sample storage requirements should be followed.

Regardless of the holding time used for an investigation, it is essential that the holding time and
conditions be reported along with the toxicity test results.

3.7.1.3 Benthic macroinvertebrate communities

Sediment samples to be analyzed for benthic macroinvertebrate community characteristics
should generally be sieved and fixed in the field for the reasons described in the PSEP (1987)
protocols. If sieving must be delayed, it is possible to fix the sediment samples in their entirety
and sieve at a later time, but the precautions described in the PSEP (1987) protocols should be
followed. Fixation of the material retained on the sieve is generally accomplished by the addition
of formalin. A vital stain may be added to facilitate sorting of the samples in the laboratory, and
a relaxant (e.g., magnesium chloride) may be used to decrease breakage of the organisms and to
facilitate taxonomic identification. The samples should remain exposed to formalin for a
minimum of 24 hours (to ensure adequate fixation) and a maximum of 7-10 days (to reduce the
risk of decalcifying mollusks and echinoderms). Thereafter, the samples should be rinsed
thoroughly and transferred to a 70% solution of ethanol for storage until taxonomic sorting and
identification.

3.7.2 Chain-of-custody procedures

Provisions should be included in all sediment sampling and analysis plans for documenting the
chain-of-custody between sample collection and arrival at the analytical laboratory. Each sample
container should be recorded on a chain-of-custody form at the end of each day's sampling. The
chain-of-custody form should be completed in duplicate or triplicate and should identify the
sample collection date and time, the project, and the chief scientist. It is the chief scientist's
responsibility to ensure that these forms are accurately completed and signed at the time of
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sample transfer. One copy of the form should be placed in a waterproof bag and attached to the
inside of each sample cooler. The chief scientist should keep one copy of the form. In the event
that sediment subsamples are being sent to different laboratories (e.g., chemistry laboratory,
toxicology laboratory), separate chain-of-custody forms should be prepared for each laboratory
and each sample cooler. The sample cooler should be sealed with chain-of-custody tape and kept
in a secure location when not in the presence of the chief scientist or assigned crew.

3.7.3 Delivery of samples to analytical laboratories

Individual sample bottles should be sealed with tape to prevent leakage, and glass bottles should
be wrapped with a shock absorbent material (e.g., plastic bubble wrap) to prevent breakage
during shipment. The sample bottles should then be placed in individual plastic bags and packed
in an ice chest or other suitable container with bubble wrap, vermiculite, or other packing
material to prevent shifting of the contents during transport. Sufficient ice to ensure that samples
are held at 4 °C until delivery to the laboratory should be sealed in plastic bags to prevent
contamination of the samples from melt water and placed in the ice chest or other container.
Sample packaging and shipping procedures should follow U.S. Department of Transportation
regulations specified in 49 CFR 173.6 and 49 CFR 173.24. The shipping containers should be
clearly labeled with all pertinent information (e.g., name of project; time and date container was
sealed; person sealing the container; name, address, and telephone number of the party sending
the samples; name, address, and telephone number of the analytical laboratory). One copy of the
chain-of-custody form should be placed in a waterproof bag and sealed inside the lid of the
container, and a chain-of-custody seal should be placed on the outside of the container prior to
shipment or transfer to the laboratory.

To ensure timely delivery of samples to the analytical laboratories, couriers or overnight express
delivery services are typically employed. Generally, the sampling and analysis plan should
describe the method of delivery necessary to ensure receipt of the samples by the laboratory
within 24 hours of being sealed. Upon receipt of the samples at the laboratory, the chain-of-
custody seal should be broken, the condition of the samples should be noted and recorded, and
the chain-of-custody form should be signed by laboratory personnel. The samples should be
promptly placed in appropriate storage facilities, maintaining proper temperature, atmosphere,
and light conditions until the samples can be analyzed.
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Sediment Sampling and Analysis Plan Outline and Checklist
1. Introduction and Background Information

Site history

Regulatory framework

Summary of previous sediment quality investigations, if any, of the site

Location and characteristics of any current and/or historical wastewater or storm water
discharge(s) at the site of local areas

Locations of lease authorizations from the Washington Department of Natural Resources for
historical and current land-ownership

Information on on-site waste disposal practices or chemical spills in the local area, if any

Site location map showing the surrounding area

Site map showing site features

Oooo 0O oOOood

2. Objectives and Design of the Sediment Investigation

Objectives of the sediment investigation
Overall design of the sediment investigation, including related investigations, if any
Chemical analytes (including description of their relevance to the objectives and the
regulatory framework)
Biological tests (including description of their relevance to the objectives and the regulatory
framework)
Sampling station locations
[0 Rationale for station locataions
[] Site map(s) showing sampling stations and other pertinent features (e.g.
bathymetry and current regime; outfall(s), sites of waste disposal, spills, or
other activities that may have affected the sediments, such as sandblasting,
boat repair, etc; historical dredging activities)
[1 Proposed reference and/or natural or regional background stations
[0 Table showing the water depth at each proposed station
[0 Proposed depth(s) below the sediment surface where sediments will be collected

O 0O O0Od

3. Field Sampling Methods

Station positioning methods

Sampling equipment

Decontamination procedures

Sample containers and labels

Field documentation procedures

Procedures for disposal of contaminated sediments

oOoOoOodan

4. Field Sampling Methods

[0 Sample storage requirements (e.g. conditions, maximum holding times)
[0 Chain of custody procedures
[0 Delivery of samples to analytical laboratories

5. Laboratory Analytical Methods
[0 Chemical analyses and target detection limits

[ Biological testing
[0 Corrective actions

Figure 3-1. Sediment sampling and analysis plan outline and checklist.
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6. Quality Assurance and Quality Control

O
O
O

QA/QC for chemical analyses
QA/QC for biological testing
Data quality assurance review procedures

7. Data Analysis, Record Keeping, and Reporting

O
O

l
L

Analysis of sediment chemistry data
Analysis of biological test data

Data interpretation

Record keeping and reporting procedures

8. Health and Safety Plan

(o o o o o o f

Description of tasks

Key personnel and responsibilities
Chemical and physical hazards

Safety and health risk analysis for each task
Air monitoring plan

Personal protective equipment

Work zones

Decontamination procedures

Disposal procedures for contaminated media and equipment
Safe work procedures

Standard operating procedures
Contingency plan

Personnel training requirements

Medical surveillance program

Record keeping procedures

9. Schedule

O

Table or figure showing key project milestones

10. Project Personnel and Responsibilities

[] Table identifying the project team members and their responsibilities

11. References

O

List of references

Figure 3-1. Continued.
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Nota: These examples are intanded only to show general concepts. The actual locafions of and spacing
between baseline monitoring stations should take into account site-specific discharge and receiving

environment conditions and may vary from these examples.

Figure 3. Examples of baseline monitoring station locations using

6 and 15 stations.

Figure 3-3. Examples of baseline monitoring station locations using 6 and 15 stations.

SCUM lI August 2012

Page 3-51





Chapter 3

MULTIPORT DIFFUSER
WITH TWO NEARBY
SINGLE-PORT DISCHARGES
ONE MULTIPORT DIFFUSER (e.g., stormwater outfalls)
5
-
'S
|
z De e
O~ °
53
w.= = 2
%ﬂ: 00ocf) = 9 o 0o ool Q
. ™ o
=
g 3 ® & © ® ® .
5 ® @ @ ® +
E ® & °
< De e
x ®
=
o
o |
- [
g e —0 Y
o [ ]
o3
5 = @ @ [ ] ]
w2 = =
o & o oo al) S o o0 o o) S
a", = 2
m o o o @ [ ] L
>8
z .o °
= 2, °
[
o
Note: These examples are intended only to show general concepts. The actual locations of and spacing
between moniloring stations should take into account site-specific discharge and receiving
emdronment conditions and may vary Irom these examples.
Figure 4. Additional examples of baseline monitoring station locations
using 10 stations.

Figure 3-4. Additional examples of baseline monitoring station locations using 10 stations.
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Note: These examples are intended only to show general concepts. The actual locations of and spacing
betweenmonitoring stations should lake into account site-specific discharge and receiving
environment conditions and may vary from these examples.

Figure 5. Examples of maintenance monitoring station locations.

Figure 3-5. Examples of maintenance monitoring station locations.
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Table 3-1. Conventional analysis and water quality measures for sediment programs.

Conventional sediment
variable

Use

Total organic carbon (TOC)

Presence of eutrophic and/or low dissolved oxygen conditions
Normalization of the concentrations of nonionizable organic
compounds

Identification of appropriate reference sediments for biological
tests (on a case-by case basis)

Sediment grain size

Interpretation of sediment toxicity test data

Wet sieving in the field for real-time grain size matching when
conducting bioassays

Evaluation of sediment transport and deposition

Evaluation of remedial alternatives

Identification of appropriate reference sediments for biological
tests (on a case-by case basis)

Total volatile solids

Evaluation of eutrophic and/or low dissolved oxygen conditions
Measure of the volume of wood waste in sediments

Total solids

Expression of chemical concentrations on a dry-weight basis

Ammonia

Interpretation of sediment toxicity test data and/or other
deleterious substances

Total sulfides

Interpretation of sediment toxicity test data and/or other
deleterious substances

Water quality measure

Porewater

Temperature (°C)

Understanding of contaminant availability and toxicity

Dissolved oxygen (mg/L or %)

Presence of eutrophic or organically enriched conditions
Interpretation of sediment toxicity test data and/or other
deleterious substances

pH (pH units)

Understanding of contaminant availability and toxicity

Alkalinity ¢ Understanding of contaminant availability and toxicity
Hardness (mg/L CaCO3) e Understanding of contaminant availability and toxicity
Conductivity (uS/cm) e Identification of ionic chemistry

¢ Understanding contaminant availability and toxicity
Nutrients e Understanding water body and sediment conditions

Indication of organic loading and potential for eutrophication and
ammonia or sulfide enrichment

Dissolved organic carbon

Understanding contaminant availability and toxicity
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Table 3-2. Chemical contaminants that may be analyzed on a site-specific basis.

Chemical Contaminant

Reason for Suspected Presence in Sediments

Ammonia

Other potentially toxic metals (e.g.,
antimony, beryllium, nickel)
Organotin complexes (especially
tributyltin)

Pesticides, herbicides

Petroleum compounds (e.g., ben-
zene, toluene, ethylbenzene,
xylene)

PCB congeners

Polychlorinated dibenzo-p-dioxins
and polychlorinated dibenzofurans
(PCDDs/PCDFs)

Guaiacols and resin acids

Volatile organic compounds (e.g.,
trichloroethene, tetrachloroethene)
Radioactive substances, explosives
compounds

Associated with stormwater/CSOs, fish processing plants
and aquaculture

Associated with mining wastes and metal plating opera-
tions

Used historically in antifouling paint and, therefore, poten-
tially associated with shipyards and marinas

Associated with agriculture or with agricultural chemical
companies

Associated with refineries, fuel storage facilities, marinas,
gas stations

Globally distributed; measured to assess human health
risks and risks to higher trophic level species due to
bioaccumulation

Associated with the presence of PCBs, 2,4,5-T and
pentachlorophenol, pulp and paper mills using
chlorination, waste incinerators, cement kilns, metals
smelting, refining & processing and burning of coal, wood
& petroleum products

Associated with pulp and paper mills and other wood
products operations

Used as solvents and in chemical manufacturing opera-
tions

Associated with nuclear power plants, nuclear processing
plants, medical wastes, and military installations
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Table 3-3. Marine and low-salinity estuarine sediment toxicity tests.
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Toxicity Test Test Species Test Primary Interstitial
Duration Endpoints Salinity®
(Ppt)
Acute Effects Tests
Amphipod Rhepoxynius abronius ” 10 days Mortality >25°
Ampelisca abdita ” 10 days Mortality 20-35
Eohaustorius estuarius 10 days Mortality <32
Larval Oyster (Crassostrea gigas)* 48-60 hours  Abnormality >10™
Mortality
Mussel (Mytilus 48-60 hours  Abnormality >10'
galloprovincialis)® Mortality
Sand dollar (Dendraster 48-96 hours  Abnormality >10'
excentricus) Mortality
Sea urchin (Strongylocentrotus  48-96 hours  Abnormality >10'
purpuratus or S. droebachien- Mortality
Sis)
Chronic Effects Tests
Juvenile polychaete Neanthes sp. 20 days Biomass >20'
Microtox® (100 Vibrio fischeri® 15 minutes Luminescence NA

percent sediment
porewater extract)

Notes:
NA - not applicable
ppt - parts per thousand

% In situ test sediments should have interstitial salinities corresponding to the guidelines, except as noted.
The use of any of these tests for low salinity sediments (interstitial salinities <25 ppt) must be approved by
Ecology on a case-by-case basis.

b Rhepoxynius abronius is known to be adversely affected by sediments having 260 percent fine sediments

(<62.5 ym diameter). To test sediments having 260 percent fines, use Ampelisca abdita.

¢ For assessments of sediments for dredging and DMMP disposal, upward adjustment of interstitial salinities
between 15 and 24 ppt is possible, but for interstitial salinities <25 ppt, use of Ampelisca abdita or
Eohaustorius estuarius is preferred (see PSEP, 1995 for further details).

ic. gigas larvae may be adversely affected by small sediment grain sizes. Use of C. gigas larvae for

sediments known to have a high proportion of silt- and clay-size patrticles is therefore not recommended
(PSEP, 1995).
¢ PSEP (1995) and the SMS refer only to the use of Mytilus edulis in this test. However, it may be more

accurate to refer to the test organisms used as members of the Mytilus edulis sibling species complex.
Recent taxonomic studies of west coast mussels (McDonald and Koehn, 1988; McDonald et al., 1991; Geller
et al., 1993) indicate that the mussels in Washington state are either M. trossulus (a more northerly species)
or M. galloprovincialis (a more southerly species). The mussel species being used by most biological
laboratories in the Pacific Northwest is M. galloprovincialis. M. edulis does not occur locally and is therefore
unlikely to be used in toxicity tests. This does not constitute a change in test organisms, but an
acknowledgment that the organisms may have been previously misidentified.

"Neanthes sp. may be adversely affected by interstitial salinities <20 ppt. Use of the test for sediments

having interstitial salinities <20 ppt will only be approved by Ecology on a case-by-case basis.
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9 Formerly known as Photobacterium phosphoreum.

n Oyster larvae may be adversely affected by small sediment grain sizes. Use of oyster larvae for sediments
known to have a high proportion of silt- and clay-size particles is therefore not recommended (PSEP, 1995).
Instead, either a sea urchin or sand dollar test would be preferable.

'The PSEP (1995) protocols recommend against use of the larval toxicity tests for sediments with interstitial
salinities <10 ppt because of the limited experience with the tests at these salinities. However, all of the
larval toxicity tests can probably be used over a wide range of interstitial salinities (from full-strength
seawater to <1 ppt) because a small volume of sediments is mixed with a much larger volume of seawater,
which has a salinity of 28 ppt, prior to testing. Use of the larval toxicity tests for such low salinity sediments
should therefore be discussed with Ecology and considered on a case-by-case basis.
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Table 3-4. Promulgated and alternative freshwater bioassay tests®.

Acute/
Chronic/ Ease
Measurement Chronic of Repeat- | Protocol
Tool/Test Species Method Endpoints Reference | Surrogate Use ability Status
Benthic Tests
EPA/USA
CE (1998),
. ASTM
Hyalella azteca 10-day Survival (2010), A 1 1 3
EPA
(2000)
EPA/USA
CE (1998),
Chironomus spp* - . ASTM
Midge 10-day Survival, growth (2010), A 1 1 3
EPA
(2000)
. . . EPA/USA
Lumbriculus variegatus 10-day Survival CE (1998) A 1 1 2
. . . EPA/USA
Tubifex tubifex 10-day Survival CE (1998) A 1 1 2
Pristina spp. (naidia . EPA/USA o
oligochaete) 10-day Survival CE (1998) A 1 ? 2
Hexagenia spp. . EPA/USA
10- I A 1 ? 2
(mayfly larvae) 0-day Surviva CE (1998)
Anodonta spp. . EPA/USA
N ?
(freshwater mussel) 10-day Survival CE (1998) A 1 ' 2
Survival and EPA
Hyalella azteca 28-day Growth (2000) C 2 2 3
Survival and EPA
Hyalell -
yalella azteca 42-day Growth (2000) C 2 2 3
Chironomus spp* - Survival and EPA
Midge 20-day Growth (2000) c 1 2 3
ASTM
Chironomus spp* - . (2010),
Midge 40-day life cycle EPA C 1 2 3
(2000)
Survival, growth,
. N 10 to 30- head capsule ASTM
Chironomous riparius day width, (2010) C 2 2 3
emergence
. Survival and ASTM
Hexagenia spp- Mayfly 21- day growth (2010) C 3
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. . . survival, growth, ASTM
Daphnia/Ceriodaphnia 7-day reproduction (2010) C 1 3
. . . Survival and ASTM
Diporeia spp- Amphipod 28-day behavior (2010) C 2
. . Survival and ASTM
Tubifex tubifex 28-day Reproduction (2010) C 2
% Promulgated test species are shown in light grey shading.
Acute/
Chronic/ Ease
Measurement Chronic of Repeat- | Protocol
Tool/Test Species Method Endpoints Reference | Surrogate Use ability Status
Water-column Tests
Cladocerans (Daphnia, . EPA/USAC
Ceriodaphnia) 96-h Survival E (1998) A ! 3
Fish, freshwater
(Pimephales, Lepomis, . EPA/USAC
Onchyrynchus, 96-h Survival E (1998) A 1 3
Ictalurus)
Cladocerans (Daphnia, survival and ASTM
Ceriodaphnia) 7-day reproduction (2010) ¢ ! 3
Microtox (northwest 15-min Bioillumination App. D Cs 3 3
method)
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Table 3-5. Advantages and disadvantages of sediment samplers.
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Sampler

Advantages

Disadvantages

Surface Sediment Samplers

Van Veen or
Young grab

Ponar grab

Petite Ponar grab

Ekman or box
dredge

Petersen grab

Orange-peel grab
Shipek grab
Sediment Corers

Vibracorer

Impact corer

Box corer

Hand and gravity
corers

SCUM lI

Useful in deep water and on most substra-
tes. Young grab coated with inert polymer.
Large sediment volume obtained. May be

subsampled through lid.

Commonly used. Large volume of sedi-
ment obtained. Adequate on most sub-
strates. Weight allows use in deep waters.
Good sediment penetration.

Similar in design to the Ponar grab, but
smaller and more easily handled from a
small boat. Can be deployed by hand
without a winch in shallow water.

Relatively large volume of sediment may
be obtained. May be subsampled through
lid. Lid design reduces loss of surficial
sediments as compared to many dredges.
Usable in moderately compacted sedi-
ments of varying grain sizes.

Large sediment volume obtained from
most substrates in deep waters.

Large sediment volume obtained from
most substrates. Efficient closure.
Adequate on most substrates.

Samples deep sediment for historical
analyses. Samples consolidated sedi-
ments.

Samples deep sediment for historical
analyses. Samples consolidated sedim-
ents.

Maintains sediment layering of large
volume of sediment. Fine surface sed-
iments retained relatively well. Quantitative
sampling allowed. Excellent control of
depth of penetration.

Maintain sediment layering of the inner
core. Fine surface sediments retained by

August 2012

Loss of fine surface sediments and
sediment integrity may occur during
sampling. Incomplete jaw closure
possible. Young grab is expensive.
Both may require a winch.

Loss of fine surface sediments and
sediment integrity may occur during
sampling. Incomplete jaw closure
occurs occasionally. Heavy and
requires a winch.

Small volume. Loss of fine surface
sediments and sediment integrity
may occur during sampling.
Incomplete jaw closure occurs occa-
sionally. May require winch in deeper
water.

Loss of fine surface sediments may
occur during sampling. Incomplete
jaw closure occurs in coarse-grain
sediments or with large debris.
Sediment integrity disrupted.

Loss of fine surface sediments and
sediment integrity. Incomplete jaw
closure may occur. May require
winch.

Loss of fine surface sediments and
sediment integrity. Requires winch.
Small volume. Loss of fine surface
sediments and sediment integrity.

Expensive and requires winch and
A-frame. Outer core integrity slightly
disrupted.

Large impact corers may be
expensive and require specialized
sampling vessel. Outer core integrity
slightly disrupted.

Size and weight require power
winch; difficult to handle and
transport. Some box corers may not
be suitable for sampling very coarse
sediments.

Small sample volume. Gravity corer
may result in loss of fine surficial
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Piston corer

hand corer. Replicate samples efficiently
obtained. Removable liners. Inert liners
may be used. Quantitative sampling al-
lowed.

Samples deep sediment for historical
analyses. Samples consolidated sedim-
ents.

Chapter 3

sediments. Liner removal required
for repetitive sampling. Not suitable
in coarse-grain or consolidated sedi-
ments.

Expensive and requires winch and
A-frame. Outer core integrity slightly
disrupted.

Source: Adapted from Burton (1992).
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Table 3-6. Minimum sediment sample sizes and acceptable containers for physical/chemical analyses

and sediment toxicity tests.

Sample Type

Minimum Sample
Size®

Container Type®

Physical/Chemical Analyses
Grain size
Total solids
Total volatile solids
Total organic carbon
Ammonia
Total sulfides
Acid volatile sulfides
Oil and grease
Metals (except mercury)
Mercury
Methyl Mercury
Organotins

Volatile organic compounds
Semivolatile organic compounds
Pesticides and PCBs
Toxicity Tests
Marine
Amphipod (Rhepoxynius abronius, Ampelisca
abdita, or Eohaustorius estuarius)
Bivalve larvae (Crassostrea gigas, Mytilus sp.)

Echinoderm larvae (Strongylocentrotus purpura-
tus, Strongylocentrotus droebachiensis, or Dend-
raster excentricus)

Juvenile polychaete (Neanthes sp.)

Microtox® 100% porewater

Freshwater

Amphipod (Hyalella azteca)

Midge (Chironomus tentans)

Frog embryo (Xenopus laevis)

Microtox® 100% porewater

100-150 g
50¢g
50¢g
25¢g
25¢g
50¢g
50¢g
100 g
50¢g
lg
100 g
100 g

5049
50-100 g
50-100 g

0.25 L per replicate
(1.25 L per station)
200 g (wet weight)

per station

200 g (wet weight)

per station

0.25 L per replicate
(1.25 L per station)
0.5 L per station

0.1 L per replicate
(0.8 L per station)
0.1 L per replicate
(0.8 L per station)
45 g (dry weight) per
station

0.5 L per station

P,.G
P,.G
P,G°
P,.G
P,.G
P,G°
GC

G
P,.G
P,.G
G, T
G (for bulk

sediment) Pc. T
G,T®

G
GT

G

% Recommended minimum field sample sizes (wet weight basis) for one laboratory analysis. If
additional laboratory analyses are required (e.g., laboratory replicates, allowance for having to repeat
an analysis), the field sample size should be increased accordingly. For some chemical analyses,
smaller sample sizes may be used if comparable sensitivity can be obtained by adjusting
instrumentation, extract volume, or other factors of the analysis.
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®P - linear polyethylene; G - borosilicate glass; Pc — Polycarbonate; T - polytetrafluorethylene (PTFE,

Teflon®)-lined cap.
“No headspace or air pockets should remain. If such samples are frozen in glass containers,

breakage of the container is likely to occur.
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Table 3-7. Storage temperatures and maximum holding times for physical/chemical analyses and
sediment toxicity tests. [Placeholder: Add info for tissue sampling in Fall 2012]

Sample Type Sample Preservation Technique  Maximum Holding Time
Grain Size Cool, 4°C 6 months
Total solids Cooal, 4°C 14 days
Freeze, -18°C 6 months
Total volatile solids Cooal, 4°C 14 days
Freeze, -18°C 6 months
Total organic carbon Cool, 4°C 14 days
Freeze, -18°C 6 months
Ammonia Cool, 4°C 7 days
Total sulfides Cool, 4°C, zero headspace 7 days
required

(a 250 ml sample for5 mlof 2 N
zinc acetate)

Acid Volatile Sulfides Cool, 4°C, zero headspace 14 days
required

Oil and grease Cool, 4°C (HCI) 28 days
Freeze, -18°C (HCI) 6 months

Metals (except mercury) Cool, 4°C 6 months
Freeze, -18°C 2 years

Mercury Freeze, -18°C 28 days

Methyl Mercury Freeze, -18°C 28 days

Organotins after extraction Cool, 4°C 14 days
Freeze, -18°C 1 year

(for interstitial water analysis,
extract water prior to freezing)

Cool, 4°C 40 days
Semivolatile organic compounds; Cool, 4°C 14 days
pesticides and PCBs; Freeze, -18°C 1 year
PCDDs/PCDFs after extraction
Cool, 4°C 40 days
Volatile organic compounds Cool, 4°C, zero headspace 14 days
required
Sediment toxicity tests Cool, 4°C 2 weeks®
Cool, 4°C, nitrogen atmosphere 8 weeks®
Note: HCI - hydrochloric acid
PCB - polychlorinated biphenyl

PCDD - polychlorinated dibenzo-p-dioxin

PCDF - polychlorinated dibenzofuran
4 The PSEP (1995) protocols recommend a maximum holding time of 2 weeks, but recognize that it may be
necessary under certain circumstances to extend the holding time to accommodate a tiered testing strategy
in which chemical analyses are conducted prior to toxicity testing. The DMMP, for example, allows
sediments to be stored in the dark in a nitrogen atmosphere at 4°C for up to 8 weeks. The 8 week holding
time applies to reference and to test sediments which should be collected at the same time.
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Chapter 4
Chemical Analysis and Biological Testing

This chapter provides guidance on conducting chemical analyses, bioassay testing, and
bioaccumulation testing. The PSEP Protocols referenced in this chapter can be found at
http://www.psparchives.com/our_work/science/protocals.htm, and changes to methods adopted
by the SMS and DMMP programs over time through the Sediment Management Annual Review
Meeting (SMARM) process can be found in Appendix B.

4.1 Chemistry Analytical Methods

4.1.1 Sediment Chemistry

Guidelines for analysis of conventional sediment variables are provided in PSEP (1986).
However, the analytical method for TOC in PSEP (1986a) is now out of date. Method 9060 (U.S.
EPA, 1986) should be used instead. Metals should be analyzed according to the guidelines
provided in PSEP (1997a), and organic compounds should be analyzed according to the
guidelines provided in PSEP (1997b). Recommended sample preparation methods, cleanup
methods, analytical methods, and practical quantitation limits for sediments are summarized in
Table 4-1. Selected ion monitoring may improve the sensitivity of Method 8270C (U.S. EPA,
1996) and is recommended in cases when practical quantitation limits must be lowered to human
health criteria levels or when TOC levels elevate practical quantitation limits above ecological
criteria levels as described below. Alternative methods of analysis that satisfy quality assurance
requirements (Chapter 5) may be approved by Ecology on a case by case basis. Accredited,
alternative methods will be given highest consideration for approval.

For the analysis of organic compounds, special attention must be paid to achieving sufficiently
low practical quantitation limits (PQLS), especially when the sediment analyzed has low TOC or
the compound is bioaccumulative and expected to have very low risk-based criteria.
Achievement of the recommended PQLs in Table 4-1 will generally allow comparison with the
numerical benthic toxicity criteria for sediments with a normal range of TOC values. However,
at low TOC values (e.g., 0.5%), the TOC-normalized detection limits for certain chemicals may
be above the numerical criteria expressed on a TOC-normalized basis. If the analytical laboratory
achieves detection limits that are above the numerical criteria after TOC normalization, the
sample should be reanalyzed, correcting for matrix interferences through appropriate clean-up
procedures (Table 4-1) and other measures. The analytical laboratory should contact the QA/QC
coordinator and/or the project manager and identify the steps being taken to lower the PQLSs. It is
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unacceptable for the laboratory to report high PQLs after holding time has been exceeded and
reanalysis is precluded. In some case where low TOC values unavoidably cause SMS criteria
exceedance, Ecology may allow case-by-case comparison of dry-weight test sediment chemistry
values to alternative dry weight-based sediment guidance values. For further information on
TOC analysis/normalization, see Michelsen (1992).

Several bioaccumulative compounds are known to have risk-based concentrations below PQLs
(i.e., most carcinogens). In these cases, it will be important to obtain the lowest possible PQLs
and detection limits. Data should be reported to the detection limit, appropriately qualified.

To determine metals concentrations in sediment samples, the metals must be extracted prior to
quantitative analysis. For the analysis of metals other than mercury, there are two options for
digesting the sediment sample: total acid digestion and strong acid digestion. Total acid digestion
may be performed using either a combination of nitric, perchloric, and hydrofluoric acids
(Method 200.4, U.S. EPA [1983]) or a combination of hydrofluoric acid and aqua regia (Rantala
and Loring [1975]). Although both total acid digestion methods result in the release of all
mineral-bound metals into solution, including naturally occurring metals, the method of Rantala
and Loring is preferred by some laboratories because the use of perchloric acid in the Method
200.4 procedure requires the use of a fume hood. Method 3050 (U.S. EPA, 1986) is a strong acid
digestion method using nitric acid and hydrogen peroxide. Strong acid digestion is recommended
by PSEP (1997a), acceptable for most applications, and more commonly used.

Ecology has a laboratory accreditation program designed to ensure that analytical laboratories
meet certain performance standards. Attention should be given in the planning stage to select
laboratories accredited within the “Solids and Chemical Materials” matrix category for the
sediment analysis methods that will be performed for the project. Laboratory accreditation
requirements are specified in WAC 173-50, Accreditation of Environmental Laboratories and the
accompanying Procedural Manual for the Environmental Laboratory Accreditation Program. The
requirement to use accredited laboratories for sediment analyses currently exists in MTCA
(Chapter 173-340 WAC) and the water quality rules (Chapter 173-216 WAC, Chapter 173-220
WAC, Chapter 173-226 WAC). These rules require that laboratories be accredited for the
methods used to analyze environmental samples for regulatory purposes. Questions on the
accredited laboratories and methods may be directed to Ecology's Quality Assurance Section at
(360) 895-6145. A current list of accredited laboratories can be obtained and queried on line at
the following websites:

e http://www.ecy.wa.gov/programs/eap/labs/lab-accreditation.html

e http://www.ecy.wa.gov/apps/eap/acclabs/labquery.asp

Method accreditation requirements for the analysis of chemical parameters described in the SMS
rule, Chapter 173-204-320(5) as “other toxic, radioactive, biological, or deleterious substances”
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(e.g., organic debris, tributyltin, DDT, dioxins/furans, resin acids, guaiacols, etc.) for which there
are presently no numerical criteria will be determined on a case by case basis by the department.
As authorized under the SMS Chapters 173-204-110(6) WAC and 173-204-310(3) WAC, the
department may identify appropriate and practicable sampling and analysis methodologies as
standard analytical methods are developed for these parameters. At that time, Ecology may
require the use of the laboratories accredited for such methods of sediment analyses.

4.1.2 Tissue chemistry

[Placeholder: New section to be added during fall 2012]

4.2 Bioassay Testing

PSEP (1995) provides guidelines for conducting the amphipod, larval, and juvenile polychaete
tests for marine sediments, as updated through the SMARM process (see Appendix B).
Guidelines for conducting Microtox® 100 percent sediment porewater extract test for marine and
estuarine sediments are in Appendix C. Although PSEP (1995) refers to the use of only Mytilus
edulis in the mussel larval test, M. galloprovincialis is the species routinely used in this test by
biological laboratories in the Pacific Northwest. On a case-by-case basis, the marine sediment
toxicity tests may be approved by Ecology for use in estuarine sediment investigations as well.

In addition to the juvenile polychaete test listed in Table 6, assessment of the naturally occurring
community of benthic macroinvertebrates is the third chronic effects test that can be applied
under the SMS. Guidelines for collecting and analyzing benthic macroinvertebrate samples are
provided in PSEP (1987).

Guidelines for conducting the suggested freshwater sediment toxicity tests can be found in the
following references: amphipod, Hyalella azteca, and midge, Chironomus tentans, (ASTM,
2010); and Microtox® 100 percent sediment porewater extract (Appendix D).

Polycyclic aromatic hydrocarbon (PAH) toxicity can be significantly increased if benthic
organisms are exposed to certain PAHs and UV light (Ahrens and Hickey, 2002). Therefore,
toxicity tests for sediments collected in shallow water or the intertidal area should be carefully
designed. Recommendations for conducting bioassays on sediments containing PAHs exposed to
UV light are provided in Appendix E.

4.3 Bioaccumulation Testing

4.3.1 Laboratory bioaccumulation testing

The Ocean Testing Manual (US EPA/Corps, 1991) and the Inland Testing Manual (US
EPA/Corps, 1998c) provide information on bioaccumulation tests for freshwater and marine
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sediments. The test exposure duration will be normally be 28 days utilizing the EPA protocol
(Lee et al., 1989), after which a chemical analysis will be conducted of the tissue residue to
determine the concentrations of BCOCs. However, some high-Ko,, contaminants (e.g., PCBs,
TBT, and DDT) may not reach equilibrium between the sediments and tissues of the test species
over the duration of a 28-day test. In these cases, modifications to the test may be required to
extend its duration to up to 45 days (see Appendix B). Alternatively, the residue measured at the
end of a 28-day test could be adjusted upward using an estimate of the proportion of the final
steady state concentration reached in 28 days. The extrapolation of measured tissue
concentrations to steady-state concentrations for these chemicals should be conducted (using
chemical-specific information from published studies) prior to using this data to judge sediment
suitability. Discussions should occur between the project proponent and Ecology to determine an
appropriate study design based on the constituents of interest.

Protocols for tissue digestion and chemical analysis will follow the PSEP recommended
procedures for metals and organic chemicals (PSEP, 19974, b).

4.3.2 In situ bioaccumulation testing

Consensus-based ASTM (2001) protocols have been developed for in situ caged bivalves that
can be used to assess bioaccumulation potential and associated biological effects from
contaminants in marine, estuarine, and freshwater species. In situ test organisms other than
bivalves are also available, and these methods are evolving in both marine and freshwater
environments (see RSET, 2009, appendix B for a complete discussion of marine and freshwater
species that are available).

Marine and estuarine bivalves have long been used in monitoring programs throughout the
United States and internationally, and protocols for their use are well-established (see ASTM,
2001). Species that are indigenous to the Pacific Northwest and appropriate for estuarine or
marine salinities include:

Mussels: Mytilus trossulus, M. californianus, M. galloprovincialis (M. edulis also frequently
used)

e Opysters: Crassostrea gigas, Ostrea lurida

e Clams: Macoma balthica, Protothaca staminea, Venerupis japonica

Other selections are also possible; see ASTM (2001) for a complete list of marine and estuarine
species, their geographic distributions, and salinity tolerances.

Fewer freshwater in situ projects have been completed in the Pacific Northwest. However, three
groups of organisms have been recommended and are present in the Pacific Northwest (Salazar
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and Salazar, 1998). In order of preference, these include: (1) bivalves; (2) gastropods; and (3)
decapods (crayfish). Freshwater protocols are also provided in ASTM (2001).

Corbicula fluminea is recommended as the first choice for in situ freshwater assessments of
bioaccumulation potential because it has been used extensively in laboratory testing, field
monitoring, and in situ assessments of both toxicity and bioaccumulation potential (however,
Corbicula should not be used in areas where it has not yet been introduced). It should be noted
that some compounds, such as mercury, DDT, TBT, PCBs, and dioxins, require extended
duration exposures to reach steady state. Although an extended exposure period (45-day instead
of the standard 29-day exposure) has been approved for marine species (see Appendix B,
bioaccumulation section, 2009 Bioaccumulation Protocol Clarifications paper), there are not
sufficient data on Corbicula to determine how long it takes to reach steady state. If the standard
28-day period is utilized, development of correction factors to estimate eventual steady state
tissue concentrations are recommended. Either a gastropod or freshwater crayfish would be
potentially useful as a second species. A gastropod test may be recommended for areas where
threatened, endangered, or candidate species of snails occur, such as in some waterways of
Idaho. Lumbriculus variegatus (an oligochaete) has also been suggested by several agencies as a
potential species that could be used. Although this species will reach steady state more rapidly
(28-days may be sufficient), their small biomass makes it difficult to obtain sufficient tissue for
both chemical and lipid analyses. Further identification of in situ species will be conducted as
needed.

4.3.3 Collection of field organisms

Recommended guidelines for collection and processing of tissue samples can be found in PSEP
(1997c), and guidelines for analysis of metals and organics in tissue samples can be found in
PSEP (19973, b).
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Table 4-1. Recommended analytical methods and quantitation limits.
[Placeholder: Recommended PQLs for bioaccumulatives will be revised in fall 2012]

Chapter 4

Recommended Recomm.ended
Chemical Recomm?nded Sampls AR Recc.)mmended . Prac.tlca.l
Preparation Methods Methods” Analytical Methods Qua’nt]tadt;on
Limits™
Metals (mg/kg dry weight)
Antimony PSEP/3050B -- 6010B/6020/B7041 50
Arsenic PSEP/3050B -- 6010B/6020/7061A 19
Cadmium PSEP/3050B -- 6010B/6020/7131A 1.7
Chromium PSEP/3050B -- 6010B/6020/7191 87
Copper PSEP/3050B -- 6010B/6020 130
Lead PSEP/3050B -- 6010B/6020 150
Mercury --f - 7471A/245.5 0.14
Nickel PSEP/3050B - 6010B/6020 47
Silver PSEP/3050B -- 6010B/6020 2
Zinc PSEP/30508B - 6010B/6020 137
(ug/kg dry weight or
Nonionizable Organic Compounds as listed)
LPAH Compounds
Naphthalene 3540C/3550B/3545 3640A/3660B 8270C/1625C 700
Acenaphthylene 3540C/3550B/3545 3640A/3660B 8270C/1625C 433
Acenaphthene 3540C/3550B/3545 3640A/3660B 8270C/1625C 167
Fluorene 3540C/3550B/3545 3640A/3660B 8270C/1625C 180
Phenanthrene 3540C/3550B/3545 3640A/3660B 8270/1625C 500
Anthracene 3540C/3550B/3545 3640A/3660B 8270C/1625C 320
2-Methylnaphthalene 3540C/3550B/3545 3640A/3660B 8270C/1625C 223
HPAH Compounds
Fluoranthene 3540C/3550B/3545 3640A/3660B 8270C/1625C 567
Pyrene 3540C/3550B/3545 3640A/3660B 8270C/1625C 867
Benz[a]anthracene 3540C/3550B/3545 3640A/3660B 8270Ch/1625C 433
Chrysene 3540C/3550B/3545 3640A/3660B 8270Ch/1625C 467
Total benzofluoranthenesg 3540C/3550B/3545 3640A/3660B 8270h/1625C 1067
Benzo[a]pyrene 3540C/3550B/3545 3640A/3660B 8270Ch/1625C 533
Indeno[1,2,3-cd]pyrene 3540C/3550B/3545 3640A/3660B 8270Ch/1625C 200
Dibenz[a,h]anthracene 3540C/3550B/3545 3640A/3660B 8270Ch/1625C 77
Benzo[ghi]perylene 3540C/3550B/3545 3640A/3660B 8270C/1625C 223
Chlorinated Benzenes
1,2-Dichlorobenzene 3540C/3550B/3545 3640A/3660B 8270Ch/1625C 35
1,3-Dichlorobenzene 3540C/3550B/3545 3640A/3660B 8270Ch/1625C 57
1,4-Dichlorobenzene 3540C/3550B/3545 3640A/3660B 8270Ch/1625C 37
1,2,4-Trichlorobenzene 3540C/3550B/3545 3640A/3660B 8270C/h/1625C 31
Hexachlorobenzene 3540C/3550B/3545 3640A/3660B 8270Ch/1625C 22
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Recommended Recommended Recomm.ended
Chemical i::zr;r:t?::;iest:?:sls Sample Clea?up Analytical Q:ar::ittl ::ilon
Methods Methods® T
Limits™
Nonionizable Organic Compounds (ng/kg dry weight or as listed)
Phthalate Esters
Dimethyl phthalate 3540C/3550B/3545 3640A/3660B 8270C/1625C 24
Diethyl phthalate 3540C/3550B/3545 3640/A3660B 8270C/1625C 67
Di-n-butyl phthalate 3540C/3550B/3545 3640A/3660B 8270C/1625C 467
Butyl benzyl phthalate 3540C/3550B/3545 3640A/3660B 8270C/1625C 21
Bis[2-ethylhexyl]phthalate 3540C/3550B/3545 3640A/3660B 8270C/1625C 433
Di-n-octyl phthalate 3540C/3550B/3545 3640A/3660B 8270C/1625C 2067
Miscellaneous Extractable Compounds
Dibenzofuran 3540C/3550B/3545 3640A/3660B 8270C/1625C 180
Hexachlorobutadiene 3540C/3550B/3545 3640A/3660B 8270C/1625C 11
Hexachloroethane 3540C/3550B/3545 3640A/3660B 8270C/1625C 47
N-nitrosodiphenylamine 3540C/3550B/3545 3640A/3660B 8270C/1625C 28
PCBs
PCB Aroclors® 3540/3550 3620B/3640A/36608B 8082 6
Chlorinated Pesticides
DDD 3540C/3550B/3545 3620B/3640A/36608B 8081A/8085 3.3
DDE 3540C/3550B/3545 3620B/3640A/3660B 8081A/8085 2.3
Total DDT 3540C/3550B/3545 3620B/3640A/36608B 8081A/8085 6.7
Aldrin 3540C/3550B/3545 3620B/3640A/3660B 8081A/8085 1.7
Chlordane 3540C/3550B/3545 3620B/3640A/3660B 8081A/8085 1.7
Dieldrin 3540C/3550B/3545 3620B/3640A/36608B 8081A/8085 2.3
Heptachlor 3540C/3550B/3545 3620B/3640A/3660B 8081A/8085 1.7
Lindane 3540C/3550B/3545 3620B/3640A/36608B 8081A/8085 1.7
Volatile Organic Compounds
Ethylbenzene --i -- 8260B/1624C 3.2
Tetrachloroethene -i - 8260B/1624C 3.2
Total xylene --i -- 8260B/1624C 3.2
Trichloroethene --i -- 8260B/1624C 3.2
lonizable Organic Compounds
Phenol 3540C/3550B/3545 3640A/3660B 8270C/1625C 140
2-Methylphenol 3540C/3550B/3545 3640A/3660B 8270C/1625C 63
4-Methylphenol 3540C/3550B/3545 3640A/3660B 8270C/1625C 223
2,4-Dimethylphenol 3540C/3550B/3545 3640A/3660B 8270C/1625C 29
Pentachlorophenol 3540C/3550B/3545 3640A/3660B 8270C/1625C 120
Benzyl alcohol 3540C/3550B/3545 3640A/3660B 8270C/1625C 57
Benzoic acid 3540C/3550B/3545 3640A/3660B 8270C/1625C 217
SCUM II August 2012 Page 4-7






Table 4-1. Continued.

Chapter 4

Recommended
Recommended Recommended R
. Recommended Sample . Practical
Chemical Preparation Methods® Sample Cleanup Analytical L,
P Methods” Methods* Quafnt.ltadt(leon
Limits™
Conventional Sediment Variables
Ammonia (bulk) -j -- Plumb (1981) 100 mg/L
Grain size --j - PSEP/ASTM D-422 1%
Total solids -j -- PSEP 0.1% (wet wt)
Total organic carbon (TOC) -j -- 9060 0.1%
Total volatile solids (TVS) -j -- PSEP 0.1
Total sulfides -j - Plumb (1981)/ 10 (mg/kg)
9030B
o - (ng/kg dry weight or
Site-specific Compounds as listed)
Other potentially toxic PSEP - See above Sh 50, Ni 47
metals (e.g., antimony,
beryllium, nickel)
Organotin complexes Bulk sediment: Krone (1989); 1-5
Interstitial water: Krone (1989) extraction, 3-5ug/L
performance based analysis
Pesticides, herbicides 3540C/3550B 3620B/3640A/3660B | 8081A/8085/8151A 1.7-6.7
Petroleum compounds (e.g., . - 8021B/8260B/1624 50
benzene, toluene, c
ethylbenzene, xylene)
Total petroleum Ecology method - pub. Ecology method - 8440 20 mg/kg (gasoline),

hydrocarbons

97-602 (1997)

pub. 97-602 (1997)

Ecology method -
pub. 97-602 (1997)

50 mg/kg (#2 diesel),
100 mg/kg (motor
oil) based on 100%
solids

Polychlorinated dibenzo-p- - -- 1613 1-10ng/kg
dioxins and polychlorinated
dibenzofurans
(PCDDs/PCDFs)
Guaiacols 3540C - NCASI Method CP | 50-100
—86.02 Chlorinated
Phenols
PCB congeners EPA 1668 _ EPA 1668 2.5 ng/kg per
congener
Resin acids 3540C (using acetone) - NCASI Method 50-100
RA/FA 85.02
Radioactive substances, 8330 -- 8095/8330 250-2200
Explosive compounds (method 8330)
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Notes:
EPA - U.S. Environmental Protection Agency
GPC - gel permeation chromatography
HPAH - high molecular weight polycyclic aromatic hydrocarbon
LPAH - low molecular weight polycyclic aromatic hydrocarbon
PCB - polychlorinated biphenyl
PSEP - Puget Sound Estuary Program
TOC - total organic carbon
a Recommended sample preparation methods are:
PSEP (1997a)

Method 3050B and 3500 series - sample preparation methods from SW-846 (U.S. EPA 1996) and
subjected to changes by EPA updates.

b Recommended sample cleanup methods are:

Sample extracts subjected to GPC cleanup follow the procedures specified by EPA SW-846 Method
3640A. Special care should be used during GPC to minimize loss of analytes.

If sulfur is present in the samples (as is common in most marine sediments), cleanup procedures
specified by EPA SW-846 Method 3660B should be used.

All PCB extracts should be subjected to sulfuric acid/permanganate cleanup as specified by EPA
SW-846 Method 3665A.

Additional cleanup procedures may be necessary on a sample-by-sample basis. Alternative cleanup procedures
are described in PSEP (1997b) and U.S. EPA (1986).

¢ Recommended analytical methods are:

Method 6000, 7000, 8000, and 9000 series - analytical methods from SW-846 (U.S. EPA, 1986) and
updates

The SW-846 and updates are available from the web site at:
http://www.epa.gov/epaoswer/hazwaste/test/sw846.htm

Method 1613 - analytical method from U.S. EPA-821/B-94-005 (1994)

Method 1624C/1625C - isotope dilution method (U.S. EPA, 1989)

NCASI — analytical methods from the National Council for Air and Stream Improvement, Inc.
Plumb (1981) - U.S. EPA/U.S. Army Corps of Engineers Technical Report EPA/CE-81-1
PSEP (1986a)

d To achieve the recommended practical quantitation limits for organic compounds, it may be necessary to
use a larger sample size (approximately 100 g), a smaller final extract volume for gas chromatography/mass
spectrometry analyses (0.5 mL), and one of the recommended sample cleanup methods as necessary to
reduce interference, using different analytical methods with better sensitivity. Detection limits are on a dry-
weight basis unless otherwise indicated. For sediment samples with low TOC, it may be necessary to achieve
even lower detection limits for certain analytes in order to compare the TOC-normalized concentrations with
applicable numerical criteria.

e The recommended practical quantitation limits are based on a value equal to one third of the 1988 dry
weight lowest apparent effects threshold value (LAET, Barrick et al., 1988) except for the following chemicals:
1,2-dichlorobenzene, 1,2,4-trichlorobenzene, hexachlorobenzene, hexachlorobutadiene, n-
nitrosodiphenylamine, 2-methylphenol, 2,4-dimethylphenol, and benzyl alcohol, for which the recommended
maximum detection limit is equal to the full value of the 1988 dry weight LAET.
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f The sample digestion method for mercury is described in the analytical method (Method 7471A, September
1994).

g Total benzofluoranthenes represent the sum of the b, j, and k isomers.

h Selected ion monitoring may improve the sensitivity of method 8270C and is recommended in cases when
detection limits must be lowered to human health criteria levels or when TOC levels elevate detection limits
above ecological criteria levels. See PSEP organics chapter, appendix B—Guidance for Selected lon
Monitoring (1997b).

i Sample preparation methods for volatile organic compound analyses are described in the analytical
methods.

j Sample preparation methods for sediment conventional analyses are described in the analytical
methods.
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Chapter 5
Quality Assurance and Quality Control

Quality assurance and quality control (QA/QC) procedures are generally discussed in detail
elsewhere (e.g., PSEP and ASTM protocols). The following subsections summarize QA/QC
requirements that should be part of each sediment sampling and analysis plan and direct the
reader to pertinent source documents for more detailed information.

5.1 Chemical Analysis

5.1.1 Sediment Chemistry

Summaries of applicable QA/QC procedures to be performed by the laboratory in conjunction
with environmental sample analysis are provided in Table 5-1 for analyses of organic
compounds, Table 5-2 for analyses of metals, Table 5-3 for analyses of conventional sediment
variables, and Tables 5-4, 5-5, and 5-6 for analyses of dioxins. Control limits different from
those specified in these tables may be specified in project planning documents when appropriate.
Project specific control limits must be developed in consultation with the laboratory.

The analyst is responsible for monitoring the analysis, identifying analytical problems and taking
corrective actions prior to the expiration of sample holding times. The laboratory should
communicate analytical problems to the project manager during the analysis when the laboratory
is having difficulty meeting any project specific requirements, including detection limits. When
reasonable corrective actions do not bring QC sample results within control limits, resulting data
may need to be qualified, depending on specific project requirements as documented in hte
Sampling Plan/Quality Assurance Project Plan.

5.1.2 Tissue Chemistry

[Placeholder: New section to be added in Fall 2012]
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5.2 Biological Testing

5.2.1 Marine and estuarine sediment toxicity test conditions

QA/QC requirements for the various biological tests are described in detail in the protocols for
each type of test (PSEP, 1987, 1995; ASTM 1991, 2010; U.S. EPA, 1994; Nebeker et al., 1984;
Microbics Corporation, 1992). Requirements for marine sediment toxicity tests generally deal
with ensuring that water quality conditions remain within acceptable limits during the tests and
do not contribute to observed effects and thereby confound interpretations regarding the toxicity
of sediments. For most of the marine sediment toxicity tests, there are control limits for
temperature, salinity, and dissolved oxygen (Table 5-7); however, there are generally no control
limits specified for pH except for Microtox®, although measurements of pH may sometimes be
useful in interpreting test results. Monitoring of sulfides and ammonia in the test chambers is
required for marine sediments where either of these chemicals is suspected as being a problem, and
is also useful for interpreting test results. Use of purging for ammonia and sulfides should only be
used side-by-side with non-purged assays and may be helpful in interpreting results. The marine
sediment toxicity test protocols also require the testing of negative controls, positive controls, and
reference sediments (Table 5-7). The reference sediments should have the percent fines within
20% of the sample percent fines. The SMS include marine sediment performance standards for
control and reference sediment toxicity test results (WAC 173-204-315(2)), which are summarized
in Table 5-7.

QA/QC requirements for analyses of benthic macroinvertebrate assemblages are described in the
PSEP (1987) protocols and generally deal with checks on the completeness of sorting the samples
and the accuracy of taxonomic identifications.

The SMS also include performance standards for reference area benthic macroinvertebrate
assemblages in Puget Sound (WAC 173-204-315(2)(c)). The reference area benthic
macroinvertebrate assemblage should be representative of areas of Puget Sound removed from
significant sources of contaminants and, to the extent possible, should have the following char-
acteristics:

e The taxonomic richness of benthic macroinvertebrates and the abundances of higher
taxonomic groups should reflect seasonality and natural physical-chemical conditions (e.g.,
grain size composition and interstitial salinity of sediments, water depth) in a reference area
and not be obviously depressed as a result of chemical toxicity

¢ Normally abundant species that are known to be sensitive to chemical contaminants should
be present
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e Normally rare species that are known to become abundant only under chemically disturbed
conditions should be rare or absent

e The abundances of normally rare species that control community structure through physical
modification of the sediment should be similar to those observed at the test sediment site

5.2.2 Freshwater sediment toxicity test conditions

QA/QC requirements for freshwater sediment toxicity tests generally deal with ensuring that water
quality conditions remain within acceptable limits during the tests and do not contribute to
observed effects and thereby confound interpretations regarding the toxicity of the sediments. For
the freshwater sediment toxicity tests, there are control limits for temperature and dissolved oxygen
(Table 5-8); however, there are generally no control limits specified for pH except for Microtox®,
although measurements of pH may sometimes be useful in interpreting test results. Monitoring of
sulfides and ammonia in the test chambers may be appropriate for freshwater sediments where
either of these chemicals is suspected as being a problem, and may also be useful for interpreting
test results. The freshwater sediment toxicity test protocols also require the testing of negative
controls, positive controls, and reference sediments (Table 5-8). Freshwater sediment performance
standards for control and reference sediment toxicity test results in Table 5-8 have been adopted in
WAC 173-204-563.

5.3 Data Quality Assurance Review

The project proponent is responsible for the quality assurance review of data generated in any
sediment investigation. There are two levels of quality assurance review applicable for sediment
data, referred to as QA1 and QA2 (PTI, 1989a, b). The analytical elements evaluated under each
level of review are identified in Tables 5-1 through 5-6.

A QA1 review represents a level of quality assurance review acceptable for most sediment
investigations conducted under the SMS, as well as for sediment sampling and analyses
conducted to determine the suitability of dredged material for unconfined, open-water disposal at
a DMMP site (PTI, 1989a). A chemistry data review at this level evaluates field collection and
handling, completeness, data presentation, detection limits (The PQL shall not be greater than the
SQS/SCO) and the acceptability of test results for method blanks, certified reference materials,
analytical replicates, matrix spikes and surrogate recoveries. A QAL review of bioassay data
covers similar field and reporting elements and evaluates the acceptability of test results for
positive controls, negative controls, reference sediment, replicates, and experimental conditions
(temperatures, salinity, pH, dissolved oxygen). Detailed guidance on QAL review procedures is
provided in PT1 (1989a) and is available from Ecology.

A QA2 review represents a more vigorous level of quality assurance review, and is appropriate for
sediment data that are to be used for the development of AET values and SMS numeric chemical
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criteria. A QA2 review is also recommended in cases where the data may be used in litigation. At
this level a chemistry data review examines the complete analytical process from calculation of
instrument and method detection limits, practical quantitation limits, final dilution volumes, sample
size, and wet-to-dry ratios to quantification of calibration compounds and all analytes detected in
blanks and environmental samples. QA2 review procedures are described in PT1 (1989Db), also
available from Ecology.
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Table 5-1. Quality control procedures for organic analyses.

Quality Control
Procedure

Frequency

Instrument Quality Assurance/ Quality Control

Initial Calibration®

Continuing Calibration®

See reference method(s)
in Chapter 4

See reference method(s)
in Chapter 4

Method Quality Assurance/Quality Control

Holding Times®

Detection Limits®

Method Blanks®

Analytical (Laboratory)
Replicates ® and Matrix
Spike Duplicates ®

Matrix Spikes *

Surrogate Spikes ®

Laboratory Control
Samples (LCS), Certified
or Standard Reference
Material

SCUM lI

Not applicable

Annually

One per sample batch or
every 20 samples,
whichever is more
frequent, or when there is
a change in reagents

1 duplicate analysis with
every sample batch or
every 20 samples,
whichever is more
frequents; Use analytical
replicates when samples
are expected to contain
target analytes. Use matrix
spike duplicates when
samples are not expected
to contain target analytes
One per sample batch or
every 20 samples,
whichever is more
frequent; spiked with the
same analytes at the same
concentration as the LCS
Added to every organics
sample as specified in
analytical protocol

One per analytical batch or
every 20 samples,
whichever is more frequent

Control Limit

See reference method(s)
in Chapter 4

See reference method(s)
in Chapter 4

See Chapter 3

See Chapter 4

Analyte concentration
<PQL

Compound and matrix
specific RPD <35% applied
when the analyte
concentration is > PQL

Compound and matrix
specific

Compound specific

Compound specific,
recovery and relative
standard deviation for
repeated analyses should
not exceed the control
limits specified in the
method of or performance
based intra-laboratory
control limits, whichever is
lower

August 2012
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Corrective Action

Laboratory to recalibrate
and reanalyze affect
samples

Laboratory to recalibrate if
correlation coefficient or
response factor does not
meet requirements

Qualify data or collect
fresh samples in cases of
extreme holding time or
temperature exceedance
Laboratory must initiate
corrective actions (which
may include additional
cleanup steps as well as
other measures) and
contact the QA/QC
coordinator and/or project
manager immediately.
Laboratory to eliminate or
greatly reduce laboratory
contamination due to
glassware or reagents or
analytical system;
reanalyze affected
samples

Laboratory to re-digest and
reanalyze samples if
analytical problems
suspected, or to qualify the
data if sample
homogeneity problems
suspected and the project
manager consulted

Matrix interferences should
be assessed and
explained in case narrative
accompanying the data
package.

Follow corrective actions
specified in SW-846.

Laboratory to correct
problem to verify the
analysis can be performed
in a clean matrix with
acceptable precision and
recovery; then reanalyze
affected samples
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Quality Control
Procedure

Frequency Control Limit

Field Quality Assurance/Quality Control

Field Replicates

Field Blanks

Notes: CLP
Ccov
EPA
PCB
PQL
RPD
RSD
SvOC
VOC

At project manager’s Not applicable
discretion

At project manager’s Analyte concentration
discretion <PQL

Contract Laboratory Program (EPA)
coefficient of variation

U.S. Environmental Protection Agency
polychlorinated biphenyl

practical quantitation limit

relative percent difference

relative standard deviation
semivolatile organic compound
volatile organic compound

& Subject to QA2 review
® Subject to QAL review

SCUM lI
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Corrective Action

Not applicable

Compare to method blank
results to rule out
laboratory contamination;
modify sample collection
and equipment
decontamination
procedures
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Table 5-2. Quality control procedures for metals analyses.

Quality Control
Procedure

Frequency

Instrument Quality Assurance/Quality Control

Initial Calibration®

Initial Calibration
Verification®

Continuing Calibration
Verification ®

Initial and Continuing
Calibration Blanks®

ICP Interelement
Interference Check
Samples?

Daily

Immediately after initial
calibration

After every 10 samples or
every 2 hours, whichever
is more frequent, and after
the last sample
Immediately after initial
calibration, then 10 percent
of samples or every 2
hours, whichever is more
frequent, and after the last
sample

At the beginning and end
of each analytical
sequence or twice per 8
hour shift, whichever is
more frequent

Method Quality Assurance/Quality Control

Holding Times ®

Detection Limits ®

Method Blanks ®

Analytical (Laboratory)
Replicates®™ and Matrix
Spike Duplicates ®

Matrix Spikes *

Quality Control

SCUM lI

Not applicable

Not applicable

With every sample batch
or every 20 samples,
whichever is more frequent

1 duplicate analysis with
every sample batch or
every 20 samples,
whichever is more
frequent; Use analytical
replicates when samples
are expected to contain
target analytes. Use matrix
spike replicates when
samples are not expected
to contain target analytes
With every sample batch
or every 20 samples,
whichever is more frequent

Frequency

Control Limit

Correlation coefficient
20.995

90-110% recovery for ICP-
AES, ICP-MS and GFAA
(80-120% for Mercury), or
performance based intra-
laboratory control limits,
whichever is lower
90-110% recovery for ICP-
AES and GFAA, 85-115%
for ICP-MS (80-120% for
mercury)

Analyte concentration
<PQL

80-120% of the true value

See Chapter 3

See Chapter 4

Analyte concentration
sPQL

RPD =20% applied when
the analyte concentration
is > PQL

75-125% recovery applied
when the sample
concentration is <4 times
the spiked concentration
for a particular analyte

Control Limit

August 2012
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Corrective Action

Laboratory to optimize and
recalibrate the instrument
and reanalyze any affected
samples

Laboratory to resolve
discrepancy prior to
sample analysis

Laboratory to recalibrate
and reanalyze affected
samples

Laboratory to recalibrate
and reanalyze affected
samples

Laboratory to correct
problem, recalibrate, and
reanalyze affected
samples

Qualify data or collect
fresh samples

Laboratory must initiate
corrective actions and
contact the QA/QC
coordinator and/or the
project manager
immediately

Laboratory to re-digest and
reanalyze samples with
analyte concentrations <10
times the highest method
blank

Laboratory to re-digest and
reanalyze samples if
analytical problems
suspected, or to qualify the
data if sample
homogeneity problems
suspected and the project
manager consulted

Laboratory may be able to
correct or minimize
problem; or qualify and
accept data

Corrective Action
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Procedure
Laboratory Control
Samples, Certified or
Standard Reference
Material ®®

Overall frequency of 5
percent of field samples

80-20% recovery, or
performance based intra-
laboratory control limits,
whichever is lower

Field Quality Assurance/Quality Control

Field Replicates

Field Blanks

Notes:
CLP -
EPA -
GFAA -
ICP-MS -
ICP-AES
PQL -
RPD -

At project manager’s Not applicable

discretion
At project manager’s Analyte concentration
discretion <PQL

Contract Laboratory Program (EPA)

U.S. Environmental Protection Agency
graphite furnace atomic absorption

inductively coupled plasma/mass spectrometry

Chapter 5

Laboratory to correct
problem to verify the
analysis can be performed
in a clean matrix with
acceptable precision and
recovery; then reanalyze
affected samples

Not applicable

Compare to method blank
results to rule out
laboratory contamination;
modify sample collection
and equipment
decontamination
procedures

inductively coupled plasma/atomic emission spectrometry

practical quantitation limit
relative percent difference

Instrument and method QA/QC monitor the performance of the instrument and sample preparation
procedures, and are the responsibility of the analytical laboratory. When an instrument or method control
limit is exceeded, the laboratory is responsible for correcting the problem and reanalyzing the samples.
Instrument and method QA/QC results reported in the final data package should always meet control limits
(with a very small number of exceptions that apply to difficult analytes as specified by EPA for the CLP). If
instrument and method QA/QC procedures meet control limits, laboratory procedures are deemed to be
adequate. Matrix and field QA/QC procedures monitor matrix effects and field procedures and variability.
Although poor analytical procedures may also result in poor spike recovery or duplicate results, the
laboratory is not held responsible for meeting control limits for these QA/QC samples. Except in the
possible case of unreasonably large exceedances, any reanalysis will be performed at the request and
expense of the project manager.

& Subject to QA2 review.
® Subject to QAL review.
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Table 5-3. Quality control procedures for conventional analyses.

Suggested Control Limit

Calibration
Blanks

Analyte
concentration
<PQL

Not
applicable
Analyte
concentration
< PQL

Not
applicable

Not
applicable

Laboratory
Control
Samples
80-120%
recovery

Not
applicable
80-120%
recovery

65-135%
recovery

Not
applicable

- U.S. Environmental Protection Agency

- quality assurance and quality control

Matrix
Spikes

75-125%
recovery

Not
applicable
75-125%
recovery

65-135%
recovery

Not
applicable

Laboratory
Triplicates
20% RSD

20% RSD

20% RSD

20% RSD

20% RSD

Chapter 5

Method
Blank

Analyte
concentration
<PQL

Not
applicable
Analyte
concentration
<PQL
Analyte
concentration
<PQL
Analyte
concentration
<PQL

EPA and PSEP control limits are not available for conventional analytes. The control limits provided
above are suggested limits only. They are based on EPA control limits for metals analyses (see Table
5-2), and an attempt has been made to take into consideration the expected analytical accuracy using
PSEP methodology. Corrective action to be taken when control limits are exceeded is left to the
Project Manager's discretion. The corrective action indicated for metals in Table 5-2 may be applied to

When applicable, the QA/QC procedures indicated in this table should be completed at the same

Analyte Initial Continuing
Calibration  Calibration
Ammonia Correlation  90-110%
coefficient recovery
=0.995
Grain size  Not Not
applicable applicable
Total Correlation  90-110%
organic coefficient recovery
carbon 20.995
Total Correlation  85-115%
sulfides coefficient recovery
=0.990
Total Not Not
solids applicable applicable
Notes:
EPA
PSEP - Puget Sound Estuary Program
PQL - practical quantitation limit
QA/QC
RSD - relative standard deviation
% Subject to QA2 review
® Subject to QA1 review
conventional analytes.
frequency as for metals analyses (see Table 5-2).
SCUM II
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Table 5-4. Reporting limits for PCDD/PCDFs.

Reporting Limit
(ng/kg Dry Wt)

Dioxins and Furans

PCDD

2,3,7,8-TCDD 1.0
1,2,3,7,8-PeCDD 1.0
1,2,3,4,7,8-HxCDD 2.5
1,2,3,6,7,8-HxCDD 2.5
1,2,3,7,8,9-HxCDD 2.5
1,2,3,4,6,7,8-HpCDD 2.5
OCDD 5.0
PCDF

2,3,7,8-TCDF 1.0
1,2,3,7,8-PeCDF 2.5
2,3,4,7,8-PeCDF 1.0
1,2,3,4,7,8-HxCDF 2.5
1,2,3,6,7,8-HxCDF 2.5
1,2,3,7,8,9-HxCDF 2.5
2,3,4,6,7,8-HxCDF 2.5
1,2,3,4,6,7,8-HpCDF 2.5
1,2,3,6,7,8,9-HpCDF 2.5
OCDF 5.0
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Table 5-5. Quality control procedures for PCDD/PCDF analyses.

QC Check

Ongoing Precision and
Recovery

Stable-isotope-labeled
compounds

Laboratory duplicate

Method blank

SCUM lI

Minimum Frequency
1 per analytical batch (<20

samples)

Spiked into each sample
for every target analyte

5% or 1 per batch (<20
samples)

1 per analytical batch (<20
samples)

Acceptance Criteria

Recovery within
acceptance criteria in Table
4 of the QAPP guidance
document

Recovery within limits in
Table 4

lon abundance ratios must
be within criteria in Table 9
of method 1613B

Relative percent Difference
<30%

Detection < minimum level
in Table 2 of Method 1613B

August 2012
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Laboratory Corrective

Action

1. Check calculation
2. Reanalyze batch

1. Check calculations
2. Qualify all associated
results as estimated

1. Reanalyze specific
samples.

2. Reject all affected results

outside the criteria

3. Alternatively, use of

secondary ions that meet
appropriate theoretical
criteria is allowed if
interferences are suspect.
This alternative must be
approved by the DMMP
agencies.

1. Evaluation of the
homogenization
procedure and evaluation
method.

2.Reanalyze batch

1. If the method blank results
are greater than the
reporting limit, halt
analysis and find source
of contamination;
reanalyze batch

2.Report project samples as
non-detected for results <
to the reported method
blank values.
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Table 5-5. Continued
GC/MS Tune

Initial Calibration

Window Defining/Column
Performance Mix
Continuing Calibration

Confirmation of 2,37,8-
TCDF

Sample data not achieving
target reporting limits or
method performance in
presence of possibly
interfering compounds

Sediment Reference
Material

If re-analysis is required, the laboratory shall report initial and re-analysis results.

SCUM lI

At the beginning of each
12 hour shift; Must start
and end each analytical
sequence

Initially and when
continuing calibration fails.

Before every initial and
continuing calibration.
Must start and end each
analytical sequence.

For all primary column
detections of 2,3,7,8-TCDF

Not applicable

One per analytical batch

>10,000 resolving power
@ m/z304.9825 Exact
mass of 380.9760 within 5
ppm of theoretical values.
Five point curve for all
analytes. TSD must meet
Table 4 requirements for
all target compounds and
labeled compounds. Signal
to noise ratio (S/N)>10. lon
abundance (IA) ratios
within method specified
limits.

Valley <25% for all peaks
near 2378-TCDD/F peaks.
%D must meet Table 4
limits for target compounds
& labeled compounds.
S/N>10. IA ratios within
method specified limits.

Confirmation presence of
2,3,7,8-TCDF in
accordance with method
1613B requirements.

Not applicable

Results must be within
20% of the 95%
confidence interval

August 2012

Chapter 5

1. Re-analyze affected
samples.

2. Reject all data not
meeting method 1613B
requirements.

Failure to verify presence
of 2,3,7,8-TCDF by second
column confirmation
requires qualification of
associated 2,3,7,8-TCDF
results as non-detected at
the associated value
Rather than simply dilute
an extract to reduce
interferences, the lab
should perform additional
cleanup techniques
identified in the method to
insure minimal matrix
effects and background
interference. Thereafter,
dilution may occur. If
reanalysis is required, the
laboratory shall report both
initial and re-analysis
results.

1. Extraction and analysis
should be evaluated by
the lab and re-analysis
performed of the entire
sample batch once
performance criteria can
be met.

2.If analysis accompanies

several batches with
acceptable RM results,
then the laboratory can
narrate possible reason
for RM outliers.
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Table 5-6. Quality control acceptance criteria for PCDD/PCDF analyses.

Native Compound
2,3,7,8-TCDD
2,3,7,8-TCDF
1,2,3,7,8-PeCDD
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,7,8-HXCDF
1,2,3,6.7.8-HXCDF
1,2,3,7,8,9-HXCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDD
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDD

OCDF

Labeled Compounds

13¢12-2,3,7,8-TCDD
13¢12-2,3,7,8-TCDF
13¢12-1,2,3,7,8-PeCDD
13¢12-1,2,3,7,8-PeCDF
13¢ -2,3,4,7,8-PeCDF12
13¢12-1,2,3,4,7,8-HxCDD
13¢12-1,2,3,6,7,8-HXCDD
13¢12-1,2,3,4,7,8-HXCDF
13¢12-1,2,3,6,7,8-HXCDF
13¢12-1,2,3,7,8,9-HXCDF
13¢12-2,3,4,6,7,8-HXCDF
13¢12-1,2,3,4,6,7,8-HpCDD
13¢12-1,2,3,4,6,7,8-HpCDF
13¢12-1,2,3,4,7,8,9-HpCDF

13¢cj12-0cDD

Cleanup Standard
37Cl4-2,3,7,8-TCDD

SCUM lI

Test
conc.

ng/mL*

10
10
50
50
50
50
50
50
50
50
50
50
50
50
50
100
100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

200

10
10

RSD
(%)

28
20
15
15
17
19
15
22
17
13
13
15
15
13
16
19
27

w
~

O, OPAPRPPM,NOW~NWODM UITW WA OWEEM OWPRARWOW W

w
(o2}

36

IPR?
Recovery
83-129
87-137
76-132
86-124
72-150
78-152
84-124
74-142
82-108
92-120
84-122
74-158
76-130
90-112
86-126

86-126
74-146

28-134
31-113
27-184
27-156
16-279
29-147
34-122
27-152
30-122
24-157
29-136
34-129
32-110
28-141

20-138

39-154
39-154
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OPR®
(%)

70-130
75-130
70-130
80-130
70-130
70-130
76-130
70-130
72-130
84-130
78-130
70-130
70-130
82-122
78-130
78-130
70-130

25-130
25-130
25-150
25-130
25-130
25-130
25-130
25-130
25-130
25-130
25-130
25-130
25-130
25-130

25-130

31-130
31-130

I-CAL*

%

@&mw QW Ow 0w aw 0w 0w Jw 0w 0w W 0w 1w 0w 01w

CAL/VER®
(%)
(Coeff. Of
Variation)
78-129
84-120
78-130
82-120
82-122
78-128
78-128
82-122
90-112
88-114
90-112
88-114
86-116
90-110
86-116
79-126
70-130

82-121
71-130
70-130
76-130
77-130
85-117
85-118
76-130
70-130
74-130
73-130
72-130
78-129
77-129

70-130

79-127
79-127
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Labeled Cmpd
%Rec. in Sample

Warning
Limit

40-120
40-120
40-120
40-120
40-120
40-120
40-120
40-120
40-120
40-120
40-120
40-120
40-120
40-120

25-120

40-120
40-120
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Control
Limit

25-130

24-130

25-130

24-130

21-130

32-130

28-130

26-130

26-123

29-130

28-130

23-130

28-130

26-130

17-130

35-130
35-130
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(Table shown with permission after AXYS, 2005).

'QC Acceptance criteria for IPR, OPR, and samples based on a 20 pL extract final volume
%|PR: Initial Precision and Recovery demonstration

*0PR: Ongoing Precision and Recovery test run with every batch of samples

*Initial Calibration

®CAL/VER: Calibration Verification test run at least every 12 hours
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Chapter 6
Data Analysis, Record Keeping,
and Reporting Requirements

This section provides guidance on a project proponent’s responsibilities with regard to data
analysis, record keeping, and reporting. Sediment sampling and analysis plans should describe
the proposed approach to each of these issues.

6.1 Data Analysis

Data analysis is the numerical and/or statistical analysis of chemistry and biological test data in
order to:

e Determine whether the data and/or detection limits exceed SQS, SCO and CSL criteria.
¢ Identify stations and areas that exceed criteria on a map.

e Plan for cleanup and/or source control.

e Determine whether cleanup and/or source control were successful.

e Support other decisions relating to the investigation, cleanup, and source control of
contaminated sediments.

In general, analysis of the data collected in a sediment investigation is the responsibility of a
project proponent. Laboratory results should be evaluated by providing general descriptions of
the sediment chemistry data and any biological data. Stations exhibiting exceedances of SMS
criteria and exceedances of detection limits over chemical criteria for the undetected chemicals
should be clearly identified, and the areas exhibiting such exceedances should be indicated on a
map.

6.1.1 Sediment chemistry data

Sediment chemistry data should be tabulated for all measured analytes (including conventional
sediment variables), whether or not there are applicable numerical criteria for evaluating the
data. The reported chemical concentrations should be reported on a dry-weight basis, and for
marine data, be converted to TOC-normalized concentrations with MyEIM for direct comparison
to the SMS marine chemical criteria (Chapter 8). Dry-weight comparisons may be useful in cases
where TOC values are either very high (i.e., anthropogenically influenced) or very low (<0.5%),
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and Ecology may decide to compare the data with the dry-weight AET values under these
circumstances (Barrick et al., 1988). For further discussion of TOC-normalization, the reader is
referred to Michelsen (1992).

Additionally, freshwater chemical data should be tabulated and compared to freshwater benthic
sediment standards (Chapter 8); only dry-weight values need be tabulated since the freshwater
standards are dry-weight based. For low-salinity areas, the appropriate comparison will depend
on the purpose of the evaluation and the variability in salinity. Generally speaking, under
estuarine conditions, the lower of the freshwater and marine benthic criteria will apply. In both
cases, data should also be compared to risk-based or background-based sediment concentrations
for bioaccumulative chemicals that may be present.

Ancillary data that should be reported in these tables include station numbers, sample
identification numbers (corresponding to those on laboratory data sheets), the date of sample
collection, and the sediment sampling interval Qupper and lower depths within the sediments
relative to the sediment-water interface), location latitude and longitude in NAD83 or NAD83
HARN (High Accuracy Reference Network), and water depth from the Meal Lower Low Water
to the sediment-water interface. A suggested table format is to have a column for each individual
sample and a row for each individual analyte. The results for field duplicate samples should be
identified as such and reported separately (i.e., not averaged). More detailed help documents on
how to enter field replicate data is available at http://www.ecy.wa.gov/eim/helpDocs.html.
Appropriate data qualifiers should be reported with the chemical concentrations. Where chemical
analysis indicates a chemical is not detected in a sediment sample, the lowest detection limit
shall be reported with U (undetected) qualifier. The practical Quantitation limit shall be provided
and be at or below the Sediment Quality Standards benthic chemical criteria. The MyEIM
chemistry analysis tool is able to compare the sediment chemistry data to selected chemical
numeric criteria, and show the exceedance stations on a map.

Some of the applicable numerical criteria (e.g., SQS, SCO, CSL) are for the sums of individual
compounds (e.g., total low molecular weight polycyclic aromatic hydrocarbons [total LPAHSs],
total high molecular weight polycyclic aromatic hydrocarbons [total HPAHSs]), isomers (e.qg.,
total benzofluoranthenes), or groups of compounds (e.qg., total polychlorinated biphenyls
[PCBs)).

For comparison to the marine benthic criteria, the following rules should be used in generating
the sums:

e Under the SMS WAC 173-204-320, 420 and 562(b) and the DMMP, only the single
highest individual chemical detection limit in a group is reported when all chemicals in
that group are undetected; when one or more chemicals in a group are detected, only the
detected concentrations are included in the sum.

SCUM II August 2012 Page 6-2





Chapter 6

Under the SMS WAC 173-204-320, 420 and 562(d), total LPAH represents the sum of
the concentrations of the following LPAH compounds: naphthalene, acenaphthylene,
acenaphthene, fluorene, phenanthrene, and anthracene. 2-Methylnaphthalene is not
included in the sum of the LPAH criteria values under the SMS.

Under the SMS WAC 173-204-320, 420 562(e), total HPAH represents the sum of the
concentrations of the following HPAH compounds: fluoranthene, pyrene,
benz[a]anthracene, chrysene, total benzofluoranthenes, benzo[a]pyrene, indeno[1,2,3-
c,d]pyrene, Dibenzo[a,h]anthracene, and benzo[g,h,i]perylene.

Under the SMS WAC 173-204-320, 420 and 562(f), total benzofluoranthenes represents
the sum of concentrations of the b, j, and k isomers of benzofluoranthenes.

Under the SMS WAC 173-204-320, 420 and 562, total PCB criteria were derived based
on the sum of the concentrations of Aroclors® 1016, 1221, 1232, 1242, 1248, 1254 and
1260.

For comparison to the freshwater benthic criteria (WAC 173-204-563), the following rules
should be used in generating sums:

Total PAHSs represents the sum of naphthalene, acenaphthylene, acenaphthene, fluorine,
phenanthrene, anthracene, 2-methylnaphthalene, fluoranthene, pyrene,
benz[a]anthracene, chrysene, total benzofluoranthenes, benzo[a]pyrene, indeno[1,2,3-c,d]
pyrene, Dibenzo[a,h]anthracene, and benzo[g,h,i]perylene.

Total PCBs were derived based on the sum of the concentrations of Aroclors® 1016,
1221, 1232, 1242, 1248, 1254 and 1260.

DDTs and derivatives were calculated as follows: total DDDs, total DDEs, and total DDTSs,
(o,p" and p,p' isomers in each case), as each of the three groups was determined to have
differing toxicity.

For both marine and freshwater sums, the following general summing rules are recommended.
However, see Section 6.1.2 for alternatives that apply when a substantial portion of the data set
may be undetected.

If all constituents are non-detects, the highest detection limit is reported, appropriately
qualified.

If some constituents were detected and others were non-detects, the non-detects may be
assigned a value of one-half the method detection limit (i.e., not the PQL or RL) and
summed with the other constituents.

SCUM II August 2012 Page 6-3





Chapter 6

e Unusually high detection limits (e.g. due to interference noted in QA/QC reports) should
not be used in sums; instead a value of one-half the standard detection limit for that
analysis may be used or other methods as described below.

e Total PCBs calculated as a sum of Aroclors is an exception to the above summing rules.
Aroclors that are undetected are assigned a value of zero. Because Aroclors are already a
mixture of PCBs, and individual Aroclor products are frequently used in industrial
processes in the absence of other Aroclor products, it cannot be assumed that non-
detected Aroclor products are present.

Laboratory chemistry data should be reported to Ecology in electronic EIM template format
(EIM result data spreadsheets) which can be downloaded at http://www.ecy.wa.gov/eim/.
Laboratory chemistry data tabulated in spreadsheets should also be reported to Ecology in
hardcopy format. For additional help in EIM data entry, refer to the sediment chemistry EIM
help documents which may be found on the website listed above and Appendix I.

6.1.2 Methods for addressing non-detects in sums and statistical
analyses

The above summation rules were developed for comparison to the marine benthic criteria using
methods available at the time the criteria were developed. The SMS provides for use of best
available science in updating older methods as newer approaches become available. As
regulation of risks related to bioaccumulative contaminants becomes a more frequent aspect of
site cleanups, the need to work with data sets with large proportions of non-detects is also
becoming more frequent. This section describes modern methods for addressing non-detects in a
variety of data analysis tasks that are part of an RI.

The presence of non-detects (censored data points) in environmental data sets represent uncertain
values for which only the upper bound of the concentrations are known. These censored data
points do provide information, and statistical methods should be used that utilize all important
information in the data without fabricating patterns that are not actually present. Generally
speaking, substitution methods are not a recommended option for dealing with censored data.
The purpose of this section is to summarize the best alternative methods for dealing with non-
detects in the following situations:

e Calculating group sums (e.g., Total PCBs or TEQSs) for individual samples
e Graphing data set
e Calculating summary statistics for a data set

e Making distributional comparisons between background and site data
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The information summarized here closely follows Helsel (2005, 2012), and U.S. EPA
recommendations as implemented in ProUCL version 4.1 (U.S. EPA, 2010). Below is a
summary of the tools available with brief explanations of the approaches. Details for
implementing the approaches can be found in Helsel’s textbook (First Edition, 2005; and Second
Edition, 2012) and the ProUCL Technical Guide (U.S. EPA, 2010). A more detailed description
of each method is provided in Appendix G.

6.1.2.1 Calculating chemical sums

U.S. EPA is currently addressing the bets methods for calculating group sums containing non-
detects (NDs). When those efforts are publicly available, they should be deferred to, particularly
if the computational methods for calculating the sums are incorporated into ProUCL, which is
free and widely accessible. In the interim, Ecology recommends the following for treatment of
NDs in the calculation of group sums:

e Calculate a Kaplan-Meier (KM) sum with the knowledge that there is a positive bias that
increases with the percentage of NDs. Utilizing Efron’s bias correction (see Appendix G)
will reduce the positive bias in some situations.

o If the highest detection limit exceeds all the detected values, substitute detection limit for
this value, and treat it as detected in calculating the KM sum.

e |If the KM method for estimating the sum is too burdensome, substitution at one-half the
detection limit may be used as a simple alternative, with the knowledge that the
generated sums are estimates with unknown bias and precision.

Additional detail on the strengths and weaknesses of the Kaplan-Meier approach vs.
substitutional methods can be found in Appendix G.

6.1.2.2 Graphing Data Set

Graphing the data should be one of the first steps in evaluating a data set. It is an essential part of
data analysis. Several types of plots are available that have options for properly representing
NDs, including:

e Boxplots. Boxplots illustrate the distribution of the data. The boxplot shows the 25", 50"
(median), and 75" percentiles, along with limits based on the inter-quartile range (the
magnitude difference between the 25" and 75™ percentiles), range, and extreme values.
When there are NDs present, different methods may be used to represent the calculable
percentiles, the uncensored data, and censoring limits. At a minimum, the maximum
detection limit should be shown as a horizontal line on the plot, and any features of the
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distribution that fall below this line should not be interpreted. Examples of boxplots
generated in R are shown in Figure 6-1.

Probability Plots. Probability Plots or Quantile-Quintile (Q-Q) Plots are used to compare
a data set to a specific theoretical distribution (e.g., normal, lognormal, or gamma
distribution). The measured data quantiles are plotted against the theoretical quantiles for
that distribution. If the data fit the theorized distribution, then the data points will fall
along a straight line. When NDs are present, quantiles are calculated for the detected
concentrations only, but these quantiles do take into account the number of NDs below
each detected concentration in determining the quantile. Figures 6-2 and 6-3 show
probability plots generated in R and ProUCL 4.1, respectively.

Empirical Cumulative Distribution Function (ECDF) Plots. These display the percentiles
or cumulative probabilities for each observation in the data set. They are shown as a step
function with a step up at each unique concentration. The stair-step display illustrates the
non-continuous nature of the data set and emphasizes sample size (smaller sample sizes
have fewer steps). As above, percentiles are shown only for detected concentrations, but
the number of NDs below each detected concentration is used in determining the
percentile. These plots can facilitate comparisons between two or more distributions, by
overlaying the ECDFs for multiple datasets (e.qg., site vs. background) on the same plot.
Figure 6-4 shows two ECDF plots generated in R.

6.1.2.3 Calculating summary statistics for a data distribution

The most appropriate method for calculating summary statistics (e.g., means, medians, upper or
lower percentiles, and standard deviations) will vary depending on the sample size and the
proportion of censoring. Table 6-1 (Helsel, 2005; Table 6.11) provides recommended methods
for estimating summary statistics. A brief description of each approach is provided below (see
Appendix G for more detail):

Kaplan-Meier. Kaplan-Meier estimation is a non-parametric method borrowed from
survival analysis. Percentiles for detected concentrations are calculated by including the
number of censored data below each detected concentration. This information can be
plotted on a survival function plot. The median can be estimated from the plot (the
concentration associated with a value of 0.5 of the y-axis), as can other percentiles.

Maximum Likelihood Estimation (MLE). This is a procedure that assumes the observed
data were derived from a particular parametric distribution (e.g., normal, lognormal,
gamma). The successful outcome of this method relies on an accurate assumption about
the underlying distribution. The underlying distribution should be checked using
probability plots for censored data and is best applied with large samples size (n>50). The
Likelihood function is unique to each parameter distribution, and is defined as the
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probability of having observed the set of data, given some particular values for the
population parameters (e.g., the mean and variance for a normal or lognormal
distribution). The model parameters that produce values that most closely resemble the
observed dataset are the maximum likelihood estimates (MLESs). These are the
parameters that maximize the Likelihood function.

e Robust Regression on Order Statistics. Regression on Order Statistics (ROS) refers to the
regression lines shown in probability plots for data with NDs. The probability plots show
the theoretical quantiles against the observed quantiles for the detected data only, where
the probabilities associated with the observed detected data take into consideration the
number of censored data points below each detected concentration (similar to KM
methods). Robust ROS uses this regression line to extrapolate values for NDs based on
their estimated probabilities. The estimated probabilities (or plotting positions) for NDs
are calculated using the proportion of samples detected above each state detection limit.
The regression line fit to the quantiles for the detected data is then used to predict values
for NDs based on their estimated plotting positions. The combined set of observed
detected values, and the predicted values for the NDs is treated as a complete sample.
Summary statistics can be estimated using standards equations for the mean and variance,
or bootstrapping methods, for example.

Please note that ProUCL 4.1 allows the user to save imputed ROS values, but these predicted
observations should not be used as if they were valid substitution values associated with any
particular sample.

6.1.2.4 Distributional comparisons between background and site data

Substitution methods introduce false patterns in the data (e.g., Helsel 2005, 2010, 2012; Huston
and Juarez-Colunga, 2009; U.S. EPA, 2010). There are methods available that are more
appropriate for censored data sets, so substitution should not be used when assessing patterns
such as differences among locations.

For the purposes of comparing means or medians for two independent samples, Helsel (2012)
recommends nonparametric score tests, such as the Gehan test. Score tests compare the ECDF or
survival functions, and are the preferred test when the data are censored at multiple detection
limits. These tests are designed to use all the information contained in the data set, including the
detected concentrations that fall between detection limits and reporting limits and the proportion
of values below each detection limit. The null hypothesis for the Gehan test is that concentrations
from the two populations are similar vs. the alternative hypothesis that one population tends to
have higher concentrations than the other. No other assumptions are required (i.e., this is a non-
parametric test). The Gehan test is performed in ProUCL version 4.1.
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If more than 50% of each data set is NDs, then estimation of the median concentration is
unreliable. In this case, only comparison of the upper tails of the distribution is possible. This can
be done using the Quantile Test.

All of these tests are available in ProUCL version 4.1, with more detailed descriptions of the
tests and their caveats provided in the Technical Guide (U.S. EPA, 2010).

6.1.2.5 Resources

These recommendations, as well as the recommendations by Huston and Juarez-Colunga (2009)
and the procedures included in ProUCL 4.1, all closely follow the work of Helsel (2005, 2012).
The Huston and Juarez-Colunga (2009) report is available as a .PDF on the web, and can be used
as an additional resource that expounds on the summary information presented here. Of
particular value are the instructions they provide for using R (R Development Core Team, 2011),
and the NADA package for R (Lee, 2010) that makes censored data analysis a little easier. The
ProUCL Technical Guide (U.S. EPA, 2010) is also available as a .PDF on the web, and provides
alternative descriptions and theory for each of these procedures. Most of the above procedures
can be performed in ProUCL 4.1.

6.1.4 Data interpretation

Project proponents should submit a data summary report that interprets chemical and/or
biological test results compared to the legally applicable or recommended chemical and/or
biological effects criteria identified in the SMS rule and MyEIM. Samples that exceed criteria
and their respective values should be identified by footnoting, underlining, shading, or other
similar means in the hardcopy data report summary. Ecology will primarily use the MyEIM
automated chemistry and bioassay analysis tools to interpret all laboratory results. Although
Ecology does not require laboratories to conduct statistical and/or numerical interpretations of
the test data, such testing may be useful for the laboratory to evaluate laboratory performance.
Bioassay laboratories are required to conduct evaluations of positive control data for all
laboratory bioassay animals. Bioassay laboratories should maintain a “running account” of the
mean £2 standard deviation for each animal type and each positive control result. Ecology does
require project proponents to conduct and report interpretations of the laboratory reported data.
We recommend project proponents us the MyEIM analysis tools report export formats to create
and report interpretation results, as these tools are developed, approved, and supported by
Ecology. However, project proponents may use other interpretation tools and/or methods
identified in the sampling and analysis plan, if approval is obtained from Ecology prior to
implementation.
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6.2 Record Keeping

Provisions should be included in all sediment sampling and analysis plans for record keeping in
accordance with the requirements of the Records Management section of the SMS (WAC 173-
204-610). The project proponent is required to keep on file copies of the sediment sampling and
analysis plan and the associated quality assurance project plan that document the proposed
approach to hte collection and analysis of samples. In addition, records (including field logs) that
document any departures from the sampling and analysis plan and/or quality assurance project
plan should also be kept on file. The results of all analyses, including laboratory reports and any
summary tables or interpretive reports, should also be retained.

All such records should be maintained for a period of not less than 10 years after the issuance
modification or renewal of the applicable permit, or administrative order, or certification, or
cleanup site delisting, whichever is later. These records must be furnished upon request or made
available for inspection by any authorized representative of Ecology

6.3 Reporting

The results of sediment sampling and analyses should be provided to Ecology in written reports.
The guidance below will help ensure that consistent and complete sediment data are provided to
comply with cleanup and source control investigation requirements. Additionally, the guidance
will help ensure compatibility with the Ecology EIM and MyEIM and will decrease Ecology
review time. Compliance with these procedures will allow for efficient review of the data by
Ecology staff and should result in timely and accurate decision making and evaluation of the
data. The minimum information to be included in the written report is listed below:

e A brief statement of the purpose of the sediment investigation.

e A brief summary of the field sampling and laboratory analytical procedures followed. In
lieu of repeating information already reported in a previously submitted sampling and
analysis plan, reference can be made to the sampling and analysis plan, and any
deviations from that plan that were necessitated by conditions encountered during
monitoring should be noted.

e A general vicinity map showing the location of the site with respect to familiar landmarks
and a sampling station map showing the relationship of the station locations to outfalls,
storm drains, or other pertinent nearby features. Coordinate values (i.e., latitude and
longitude) and their datum should be reported in an accompanying table for all stations,
including background or reference stations; stormwater/CSO outfalls; and the outfall
diffuser beginning and end points. An electronic GIS (Geographic Information Systems)
shape file with projection details enabling Ecology to view proposed sampling stations
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relative to, but not limited to, outfall with diffuser delineated, storm water/CSO outfalls,
creeks/streams/rivers entering the main water body, pier structures, pilings, bulk heads,

and sites of interest to the project to support current and future Ecology data analyses is
recommended to use.

e Sediment data tables summarizing the chemical and conventional variables results, as
well as pertinent QA/QC data. The data tables should include station numbers and sample
number (corresponding to laboratory data sheets), station elevation (water depth), sample
collection date, sediment sampling interval (upper and lower sediment sampling depth in
specified units of measurement, such as cm, m, ft, in), and whether samples are
replicates. Chemical data should be converted to the same units as the criteria (e.g.,
mg/kg dry weight for metals, mg/kg TOC for nonionizable organics, ppm). Additionally,
chemical data for most organic compounds should also be reported as dry-weight
concentrations (ug/kg dry weight, ppb). Practical quantitation limits should be reported
for the results qualified with JT, U (undetected), or U with additional qualifiers.

e The project proponent's interpretation of the results of the sediment investigation. This
section should include discussion of any chemical or biological exceedances of the numeric
or narrative criteria for both benthic and bioaccumulative exposure pathways, as
appropriate to the purpose of the sediment investigation. Comparison with the SQS/SCO
should be discussed in all cases. Comparisons to risk-based human health or ecological
concentrations and/or natural or regional background concentrations will need to be
conducted for bioaccumulative chemicals. Maps should also be provided that clearly
indicate the areas that exceed the SQS/SCO and site-specific cleanup standards.

e Copies of complete laboratory data packages, as appendices or attachments.
e Quality assurance reports, as appendices or attachments.

e Copies of field logs, as appendices or attachments.

e Copies of signed chain-of-custody forms, as appendices or attachments.

In addition to a written report, Ecology requires that all sediment chemistry, tissue chemistry, and
bioassay data be submitted electronically to Ecology’s environmental database, EIM. Regulatory
decisions cannot be made, nor sediment data interpreted, unless it is in EIM. Information for online
EIM data submittal can be found at: http://www.ecy.wa.gov/eim/submitdata.htm.

In addition to fields identified by EIM as required for a successful data submittal, there are fields
that are required for sediment data analyses. Sediment data required fields are identified in
Appendix I. Appendix | also includes recommended formats for data to be entered into these
specified fields.
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Additional documents that focus on specific areas of data submittal and data use can be found at:
http://www.ecy.wa.gov/eim/helpDocs.htm.

The Toxics Cleanup Program’s EIM Sediment Data Coordinator, Tuan Vu at
tuvu461l@ecy.wa.gov or (360) 407-7449, is available for sediment data submittal technical help to
site managers and consultants using EIM.

Once the sediment data has been entered into EIM, the MyEIM Tool should be used to retrieve and
analyze the data. Any differences between MyEIM analyses and Data Report findings should be
explained in the Data Report. The publicly available MyEIM Search, Analytical, and Map Tool
can be found at: http://www.ecy.wa.gov/eim/MyEIM.htm.

Different sections within Ecology may need to review or access the data in the final report. Listed
below are the appropriate locations for data submittals. One or more of the following may apply.

Reports for all source control investigations and NPDES permit required monitoring should be
sent to BOTH of the following:

The facility NPDES permit manager, AND

Sharon R. Brown, Sediment Source Control Specialist
Toxics Cleanup Program - HQ

Aguatic Lands Cleanup Unit

Department of Ecology

P.O. Box 47600

Olympia, WA 98504-7600

All cleanup studies/investigations should be sent to two of the following:
The cleanup site manager, AND
For the Northwest Region (from King County north)

Grant Yang, Sediment Cleanup Specialist
Toxics Cleanup Program - NWRO
Department of Ecology

3190 - 160th Ave SE

Bellevue, WA 98008-5452
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For the Southwest Region (from Pierce County south)

Pete Striplin, Sediment Cleanup Specialist
Toxics Cleanup Program - SWRO
Department of Ecology

P.O. Box 47775

Olympia, WA 98504-7775

For Headquarters (Puget Sound Initiative Sites)

Chapter 6

Pete Adolphson, Kevin MacLachlan, or Russ McMillan, Sediment Cleanup Specialists

Toxics Cleanup Program - HQ
Department of Ecology

P.O. Box 47600

Olympia, WA 98504-7600
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Table 6-1. Recommended methods for estimation of summary statistics (after Table 6.11, Helsel, 2005).

Amount of Available Data

Percent Censored <50 observations >50 observations

<50% non-detects Kaplan-Meier Kaplan-Meier

50-80% non-detects Robust MLE or ROS MLE

>80% non-detects Report only % above a May report high sample
meaningful threshold percentiles (90", 95"
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Boxplot Legend:
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Figure 6-1. Boxplots for two censored data sets. Top row data set has 25 observations, 13 censored data
points with DLs ranging from 1 to 18, and 12 detected data points with concentrations ranging from 3 to
25. Bottom row data set has 27 observations, 6 censored data points with DLs ranging from 4 to 9, and
21 detected data points with concentrations ranging from 10 to 42. Left plots show the distribution of the
data with 1%, 2" and 3" guartile estimated using Kaplan-Meier for censored data; horizontal lines
indicate the level of the highest detection limit. Right plots show the distribution of the data ignoring
censoring, using two levels of substitution for DLs. Plots generated in R using cenboxplot() function (Left
plots), and boxplot() function (Right plots).

> par(mfrow=c(2,2))

> cenboxplot(obs=my.dat$conc, cen=my.dat$conc.cens, log=FALSE)

> boxplot(my.dat$conc, my.dat$conc.halfdl, names=c("Full DL", "Half DL"))

> cenboxplot(obs=my.dat$conc2, cen=my.dat$conc2.cens, log=FALSE)

> boxplot(my.dat$conc2, my.dat$conc2.halfdl, names=c("Full DL", "Half DL"))
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Figure 6-2. Probability (or Q-Q) plots for a censored data set (the same data shown in the bottom row of
boxplots in Figure 6-1). On the left these data are plotted against the Normal Quantiles; on the right the
log of these data are plotted against the Normal Quantiles (notice the logarithmic points are closer to the
straight line). Censored data are not shown on the plot, but they are used to calculate the quantiles for the
detected observations. The lowest detected observation has a quantile of 25%, corresponding to a
percent chance of exceedance of 75% (top axis). These plots were generated in R on ROS (regression-
on-order statistics) objects.
> my.ros<- cenros(obs=my.dat$conc2, cen=my.dat$conc2.cens, forwardT=NULL)

# set forwardT=NULL to cancel the default log-transformation of the data
> plot(my.ros)
> my.lros <- cenros(obs=my.dat$conc2, cen=my.dat$conc2.cens)
> plot(my.Iros)
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Q-Q Plot with NDs for conc2

Theoretical Quantiles (Standard Normal)

s conc2

Figure 6-3. A normal Q-Q plot generated in ProUCL 4.1 under Graphs > Multi-QQ > With NDs. The same
data shown in Figure 6-2 are shown here on the original scale (no log transform). Detected values are
shown in blue; censored data points are shown in red at their reported values. Note that this is somewhat
misleading since the quantiles for the censored data are actually unknown. The optional line, when
added, is fit to the entire data set rather than just the detected blue data points, as is appropriate.
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Figure 6-4. Empirical distribution function (ECDF) plots for the two data sets shown in the boxplots in
Figure 6-1. The ECDF for the data shown in the top row of Figure 6-1 is shown in black; the ECDF for the
data shown in the bottom row is shown in red. Each step up in these ECDF plots indicates the location of
a detected concentration (concentration value on the x-axis) and the proportion of observations both
censored and uncensored below this concentration (y-axis). Longer horizontal pieces for a line segment
indicate bigger gaps in concentrations between detected data values; taller vertical pieces indicate
multiple observations (either censored values, or uncensored values with the same concentrations).
These plots were generated in R on Kaplan-Meier estimates of percentile estimated using the cenfit()
function.

> my.dat.grouped <- data.frame(conc=c(my.dat$conc, my.dat$conc?2),
conc.cens=c(my.dat$conc.cens, my.dat$conc2.cens),
group=c(rep(“A”,nrow(my.dat), rep(“B”,nrow(my.dat))

> my.cenfit <- cenfit(obs=my.dat.grouped$conc, cen=my.dat.grouped$conc.cens,
group=my.dat.grouped$group)

> plot(my.cenfit, lty=c(1,1), col=c(1,2), lwd=2)
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Chapter 7
Establishing Sediment Cleanup Standards: WAC
173-204-560

Introduction

At this stage in the cleanup process, a conceptual site model (which includes the RME) has been
developed, CoCs have been identified, and the Remedial Investigation has been completed. This
chapter describes the general process for establishing sediment cleanup standards and the
relationship between different terms used in the SMS rule: sediment cleanup objective, cleanup
screening level, sediment cleanup level, sediment cleanup standard, and point of compliance.

7.1 Sediment Cleanup Levels

Figure 7-1 represents the SMS two-tier framework for establishing the sediment cleanup
objective (SCO) and the cleanup screening level (CSL). The SCO and CSL are sediment
cleanup levels that include chemical concentrations or levels of biological effects based on:

e Acute or chronic toxicity to the benthic community (WAC 173-204-562 through 173-
204-563).
e Human health risks from bioaccumulative chemicals (WAC 173-204-561).

e Acute and chronic risks to higher trophic level species from bioaccumulative chemicals
(WAC 173-204-564).

The SCO is the long term sediment quality goal. It is the lower end of the range of chemical
concentrations or level of biological effects used to establish a sediment cleanup level (WAC
173-204-560(3)).

The CSL is used to identify sediment cleanup sites and is the maximum chemical concentration
or level of biological effects allowed for a sediment cleanup level (WAC 173-204-560(4)).
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7.2 Sediment Cleanup Standards
7.2.1. Point of compliance
A sediment cleanup standard includes:

e A sediment cleanup level. This is described above and the term is often used
interchangeably with sediment cleanup standard.

e A point of compliance. The point of compliance may be different for ecological and
human health risk as follows:

e For ecological risk, the point of compliance is the biologically active zone (BAZ).
For marine sediment, the BAZ is typically 10 cm. However, this can be adjusted
based on site specific circumstances. For example, if the cleanup site supports, or
has potential to support, animals that live in and burrow deeper than 10 cm (such
as geoduck or ghost shrimp). For freshwater sediment, the BAZ is established
site-specifically due to the highly variable nature of freshwater sediment
environments.

e For human health risk, the point of compliance is typically 45 cm. However, the
point of compliance can be established at a different depth depending on the
exposure scenario and site-specific circumstances. For example, the point of
compliance may be modified if the remediated site has the potential to be
disturbed deeper than 45 cm (such as anchoring or propeller wash) or if the
exposure pathway is deeper than 45 cm.

7.2.2 Establishing sediment cleanup standards

The sediment cleanup standard can be established at a range of levels (Figure 7-1):

1. The SCO, which is established at the highest of natural background, PQL, or a risk-based
value. The risk-based value for comparison to natural background and PQL is the lowest
of:

a. The SCO benthic criteria.
b. The human health criteria:
i. 107 risk level for individual carcinogens.
ii. 107 risk level for multiple carcinogens or exposure pathways.
iii. Hazard quotient of 1 for individual non-carcinogens.

iv. Hazard index of 1 for multiple non-carcinogens.
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c. The higher trophic level species criteria.
d. Other local, state, and federal regulations.

2. The CSL, which is established at the highest of regional background, PQL, or a risk-
based value. The risk-based value for comparison to regional background and PQL is the
lowest of:

a. The CSL benthic criteria.
b. The human health criteria:

i. 107 total site risk level for individual or multiple carcinogens and
exposure pathways.

ii. Hazard quotient of 1 for individual non-carcinogens.
iii. Hazard index of 1 for multiple non-carcinogens.

c. The higher trophic level species criteria.

d. Other local, state, and federal regulations.

3. A value established between the SCO and the CSL based on technical possibility and
adverse impacts on the aquatic environment.

7.2.3 Further information

Chapter 8 includes sediment cleanup standards for protection of the benthic community. These
criteria include chemical and biological values at the:

e SCO: WAC 173-204-562(2)(a) and (3)(a) or 173-204-563(2)(a) and (3)(a)

e CSL: WAC 173-204-562(3)(a) and (3)(b) or 173-204-563(3)(a) and (3)(b)
Chapter 9 includes sediment cleanup standards for protection of human health and higher trophic

levels from bioaccumulative chemicals. The chapter includes a process for assessing risk and
establishing cleanup standards at the:

e SCO: WAC 173-204-561(2) for human health risk and WAC 173-204-564 for ecological
risk.

e CSL: WAC 173-204-561(3) for human health risk and WAC 173-204-564 for ecological
risk.

Chapter 10 includes methods for establishing natural and regional background for screening
chemicals of concern and for use as sediment cleanup standards.
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Chapter 11 includes methods for establishing a practical quantitation limit as a sediment cleanup

standard.
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Cleanup Screening
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WAC 173-204-560(4)
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Figure 7-1. SMS framework for establishing sediment cleanup standards.
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Risk-Based Benthic Criteria:
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WAC 173-204-562 and 173-204-563
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Figure 8-1. Framework for establishing sediment cleanup standards, WAC 173-204-560.

8.1 Introduction

The purpose of this chapter is to present the numeric chemical and biological criteria for marine
and freshwater sediment that apply to protection of the benthic community. For the purposes of
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benthic community protection, the goal of the SMS rule is to reduce and ultimately eliminate
adverse effects on biological resources from surface sediment contamination. As discussed
throughout this document, the SMS rule uses a two-tiered decision-making framework to protect
the function and integrity of the benthic community and human health. The sediment quality
standards and sediment cleanup objectives (SQS and SCO) are chemical and biological criteria
that represent levels predicted to have no adverse effects on the macroinvertebrate community
and represent the long-term goal for sediment quality. The higher cleanup screening levels (CSL
and Sl1Zyax) are criteria that predict “minor adverse effects” defined as the maximum level of
sediment contamination allowed at a cleanup site or near a source in a sediment impact zone
(S12).

There are three parts to the SMS rule where the above benthic criteria apply to source control
and cleanup. Because Part VV was amended in 2013, but Parts 111 and IV were not, the way that
the source control and cleanup sections refer to and include freshwater standards are somewhat
different (all Parts include the 1988 marine standards):

e Part Il Sediment quality standards (SQS) WAC 173-204-300 through 173-204-350: For
marine sediment, Part Il includes numeric chemical and biological SQS benthic criteria
(Table 8-1). For freshwater sediment, Part III also includes a “case-by-case” narrative
standard but does not include numeric chemical or biological benthic criteria. The SQS
criteria represent levels for chemical concentrations and biological effects that are
expected to result in “no adverse effects” to the benthic community. These numeric
criteria for marine sediment are the same in Parts IV and V, except the criteria are called
the SCO in Part V.

e Part IV Sediment quality standards and the S1Zyax WAC 173-204-400 through 173-204-
420: Part 1V is similar to Part 111 in that the numeric chemical or biological benthic
criteria apply to marine sediment and there is a narrative standard for freshwater
sediment. The SQS marine chemical or biological benthic criteria are the same in Parts
[l and 1V (Table 8-1). The marine SIZyax criteria are the maximum allowable levels
authorized in a sediment impact zone and are the same chemical and biological criteria as
the marine CSL benthic criteria in Part V.

e Part V Sediment cleanup objectives and cleanup screening levels WAC 173-204-500
through 173-204-590: Part V includes numeric chemical and biological benthic criteria
for both marine and freshwater sediment (Table 8-1). The rule also establishes sediment
cleanup criteria that predict “minor adverse effects” (CSL; WAC 173-204-500 through
590), used to identify cleanup sites.

Marine benthic criteria values: Freshwater benthic criteria values:
Part Il SQS = Part IV SQS = Part V SCO  Part lll SQS narrative = Part IV SQS narrative
Part IV SIZyax = Part V CSL Part Il SQS narrative # Part V SCO

Part IV SIZyax narrative # Part V CSL
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Cleanup standards may be established at a level between the SCO and CSL, but as near the SCO
as possible by balancing technical possibility and adverse environmental impacts. The SMS
defines numeric SCO/SQS and CSL benthic criteria for both biological endpoints and chemical
concentrations. These criteria are used in determining the site specific sediment cleanup
standards which also take into account background, risks to human and other ecological
receptors, and practical quantitation limits as shown in Figure 8-1.

The biological and chemical benthic criteria were developed to protect against toxicity to the
benthic community and did not consider bioaccumulative effects to humans, wildlife, or fish (see
Chapter 9). The SCO/SQS and CSL benthic criteria were developed with benthic and bioassay
testing data only. These benthic criteria were developed to protect the function and integrity of
the benthic community, rather than to protect individual species. This includes a variety of
‘beneficial uses’ performed by the benthos that are important for maintaining the overall health
of freshwater benthic communities and the services they provides to the surrounding
environment. Those services/functions include:

e Primary producers — photosynthesize new organic matter from nutrients

e Shredders — tear or physically chew up organic matter like leaf litter

e Grazers — feed on new bacterial, detrital or plant growth

e Deposit feeders — scavenge newly deposited or buried organic material

e Bioturbators — vertically mix depositing material into the surface sediments

e Prey species — provide food for higher trophic level animals like insects, fish or
waterfowl

e Predators — feed on other benthic or aquatic organisms

Each of the listed services or functions are performed by a number of different species (and life-
history stages) of the benthic community. The SMS benthic criteria are intended to be protective
of these services, even though some level of effects to individual organisms or species may
occur. The suite of toxicity tests used to develop the benthic criteria were chosen because the test
organisms are in close contact with sediments and sediment-borne contaminants and they
represent relevant endpoints of sensitive life forms at a sensitive life stage.

8.2 Marine and Freshwater Chemical Benthic Criteria

Both the marine and freshwater chemical benthic criteria were developed using paired chemistry
and bioassay data for sediments and are based on the ability of chemical criteria to reliably
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predict the presence or absence of a biological effect (Table 8-1). Both sets of criteria were
developed from regional databases that included a broad suite of metals and organics
concentrations as well as toxicity data for a variety of different tests and endpoints.

The marine benthic criteria are based on the Apparent Effects Threshold (AET) approach. Under
this approach, the stations for each chemical are divided into those at which no toxicity was
observed (no-hit stations) and those at which toxicity was observed (hit stations). Because many
contaminants could be contributing to toxicity at any one station, the highest no-hit concentration
for each chemical was selected as the AET for that chemical, after removing outliers. AETS were
calculated separately for each biological test and endpoint; the lowest of these AETs was used as
the SQS/SCO and the second-lowest as the CSL.

The freshwater benthic criteria were developed using the Floating Percentile Method (FPM). The
FPM is a multivariate statistical approach that iteratively reduces predictive errors among all
chemicals at once. This method develops chemical concentrations that maximize the overall
reliability of the criteria, while reducing incorrect predictions of toxicity (false negatives) or
absence of toxicity (false positives). Like the AETSs, these values were developed for each
individual biological test endpoint, and for each chemical, the lowest FPM value was used as the
SQS/SCO and the second-lowest as the CSL.

8.3 Marine and Freshwater Biological Benthic Criteria

Biological effects criteria have been developed for a suite of sediment toxicity tests and/or
benthic community analyses, presented in Tables 8-2 through 8-5. The array of benthic toxicity
tests was chosen to best represent the range of species that comprise a benthic community,
including sensitive species, life stages, and test endpoints.

For both freshwater and marine biological tests, the SQS level was set at a level considered to be
biologically meaningful for population-level effects, or the minimum detectable difference
(MDD) between the test and control or reference sample, whichever was higher. The CSL
biological criteria are then set at an effects level approximately 10-15% greater than the SQS.
The freshwater and marine biological effects levels were designed to be consistent, to the extent
possible given the tests available, so that a similar level of effects would be promulgated for all
areas of the State.

8.3.1 Selection of biological tests

Biological testing may be necessary if the chemical benthic criteria (Table 8-1) are exceeded,
there is reason to believe the site contains chemicals other than in Table 8-1 that may be
contributing to toxicity (e.g. pesticides), or there may be physical factors contributing to toxicity
(e.g. wood waste, slag). Biological testing may also be conducted at the request of the liable
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person or Ecology to confirm or override chemistry results, or to preclude the need for a second
round of sampling/testing.

8.3.1.1 Marine and estuarine sediment

Table 8-2 includes the biological criteria corresponding to the SQS (Part Il and V), SCO and
CSL (Part V) for source control and cleanup purposes. A failure of any one test at the SQS/SCO
or CSL level equates to an SQS/SCO or CSL biological criteria exceedance, respectively. A
failure of any two tests at the SQS/SCO level also equates to a CSL biological criteria
exceedance of the biological criteria.

For marine and estuarine sediment, the following minimum requirements for the SMS bioassay
suite are necessary for designating the quality of sediments at each sampling station:

e A suite of at least three sediment toxicity tests,

e At least two acute effects tests, and

e At least one chronic effects test.

Table 8-3 includes the list of SMS established biological tests. For further information on these
biological tests and how to choose among them, refer to Chapter 3.

8.3.1.2 Freshwater sediment

Table 8-4 includes the biological criteria corresponding to the SCO and CSL (Part V) for cleanup
purposes. A failure of any one test at the SCO or CSL level equates to an SCO or CSL biological
criteria exceedance, respectively. A failure of any two tests at the SCO level equates to a CSL
biological criteria exceedance of the biological criteria. This is known as the “one-hit, two-hit”
rule.

For freshwater sediment, the following minimum requirements for the SMS bioassay suite are
necessary for designating the quality of sediments at each sampling station:

e A suite of at least two species,

e At least three endpoints,

e At least one chronic test, and

e At least one sublethal endpoint (e.g., growth).
Table 8-5 includes the list of SMS established freshwater biological tests. For further information
on these biological tests, refer to Chapter 3. The narrative standard for Parts 11l and IV remains

and criteria are determined on a case-by-case basis. However, Tables 8-4 and 8-5 may be used as
a guide for developing source control limits.
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8.4 Site-specific Standards
8.4.1 Introduction

The SMS rule allows for the use of the latest scientific knowledge when evaluating sediment
quality for cleanup and source control (WAC 173-204-130(3) and (4)). The freshwater and
marine benthic criteria developed are applicable for most types of environments; however, there
are site-specific exceptions for both marine and freshwater. For freshwater systems, physical and
chemical characteristics can vary considerably. Marine environments tend to be less variable
than freshwater, but they can have some site-specific variability as well. Factors such as atypical
water bodies, unusual water quality characteristics (e.g. pH, alkalinity, or hardness) or high
organic content can affect sediment chemistry bioavailability and biological test performance. In
addition, future cleanup decisions may need to be protective of threatened or endangered species,
although there are currently no listed benthic species in Washington State. See Chapters 3 and 4
for a complete discussion of site- and chemical-specific factors that may require site-specific
approaches, and information on sampling and testing requirements for these approaches.

In such cases, Ecology provides alternative methods for the evaluation of sediments (WAC 173-
204-562(3)(f) and 173-204-563(2)(n)). Alternative methods include the following options, in
order of preference:

e Conduct biological testing using the biological criteria of Tables 8-3 and 8-5.

e Establish site-specific chemical standards using site chemistry and the biological criteria.
e Conduct biological testing using other methods approved by the department (Chapter 3).
e Other approaches in accordance with WAC 173-204-130.

Chemical criteria sets developed by other jurisdictions in the United States and Canada have
been shown to have low reliability for predicting presence or absence of toxicity in Washington
State sediments. They also do not address site- or chemical-specific conditions affecting
bioavailability. Therefore, the above site-specific methods are recommended. Alternative
chemical criteria sets should only be used when they have been developed site-specifically or are
ARARs (e.g., sediment criteria adopted as water quality standards by Tribes).

The marine benthic criteria were developed using data from Puget Sound, but over 20 years have
been demonstrated to be applicable to other marine areas of Washington, such as the northern
straits and coastal areas. The freshwater criteria were developed using synoptic chemistry and
biological data from a variety of water bodies in Washington and Oregon, representing eight of
the nine eco-regions in Washington State. Sediments included in the marine and freshwater
datasets were intended to represent a wide range of sediment types and water quality conditions.
However, the benthic criteria do not take into account all possible contaminants of potential
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concern, all possible water bodies, sediment types, or unique water quality characteristics. In
such cases, the rule allows for some flexibility in the standards. This section lists some unusual
site conditions that may require an alternative approach:
e Contaminants without criteria
e Unusual aquatic habitats
e Unusual water quality conditions
o Water Hardness
o pH
o Alkalinity
o Dissolved oxygen
o Temperature
o Dissolved organic carbon
e Unusual sediment characteristics:
o Elevated organic carbon
o Unusual organic carbon sources
o Unusual physical characteristics
o Unusual contaminant profiles
In many cases, the unusual conditions mentioned above affect the availability of contaminants of
potential concern, resulting in either increasing or decreasing toxicity. For such cases, the
recommended alternative is to conduct toxicity tests concurrent with sediment chemistry
analysis, and the standard sediment chemistry list may be expanded to cover those contaminants
or characteristics that may be contributing to toxicity. The recommended biological tests and
performance criteria are listed in Tables 8-3 and 8-5. For more detailed information on unusual

site conditions and sampling and testing considerations for handling them, refer to Chapters 3
and 4.

8.4.3 Use of alternate biological tests

In some cases, site-specific conditions may require the selection of an alternative species or
methods modification upon approval by Ecology. The benthic criteria were based on benthic
toxicity tests considered to be protective of the benthic community. However, there may be some
sites that have species of concern requiring alternative toxicity tests, such as mollusks (e.g. the
freshwater mussel, Anodonta californiensis or the gastropod snail, Fluminicola columbiana) or
amphibians (e.g. the frog, Rana pipiens). In such cases, the SMS rule allows for the use of latest
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science to adequately assess sediment quality. For more detailed information on alternative
biological tests and methods refer to Section 3.3.3.2.

8.4.4 Development of site-specific chemical criteria

For large sites or sites that will require extensive sampling and analysis that also have sediment
conditions considered to alter chemical bioavailability, Ecology may allow the development of
site-specific criteria. Site-specific criteria allow for the development of effects-based chemical
criteria in the presence of potentially confounding sediment characteristics. Those criteria can
then be used to further define the site boundaries or determine the potential actions necessary at a
site.

To retain consistency with the SMS framework and technical approach, Ecology recommends
use of the AET or FPM approach for developing site-specific chemical criteria for marine and
freshwater sites, respectively. However, other methods for developing site-specific criteria may
be considered by the department (e.g., logistic regression or the reference-envelope approach).
Development of site-specific criteria using any of these approaches requires an extensive data set
with at least 30 synoptic chemical and biological samples for sediments (the exact number
depends on the distribution of chemical concentrations and homogeneity of site conditions, and
can be much higher).

For any such site, it is worth considering whether benthic criteria or bioaccumulative risks are
likely to drive cleanup at the site, before going to the considerable expense and effort required to
develop site-specific chemical criteria for benthos. If the cleanup standards are likely to be set by
bioaccumulative compounds (see Chapter 9), biological testing alone may be a much simpler and
less costly approach to determining which areas may also have direct toxicity to benthos and
possibly warrant more active cleanup.

SCUM II August 2012 Page 8-8





Chapter 8

Table 8-1. Marine and freshwater sediment chemical criteria for protection of the benthic community.

SMS Freshwater

SMS Marine Sediment®

Marine Sediment AETs®

Sediment”
Analyte SCO CSL SQS/SCO | CSLISIZMax SCO CSL/SIZMax
Conventional Pollutants mglkg dw
Ammonia 230 300
Total sulfides 39 61
Metals mgi/kg dw mg/kg dw mg/kg dw
Arsenic 14 120 57 93 57 93
Cadmium 2.1 5.4 5.1 6.7 5.1 6.7
Chromium 72 88 260 270 260 270
Copper 400 1200 390 390 390 390
Lead 360 > 1300 450 530 450 530
Mercury 0.66 0.8 0.41 0.59 0.41 0.59
Nickel 26 110
Selenium 11 > 20
Silver 0.57 1.7 6.1 6.1 6.1 6.1
Zinc 3200 > 4200 410 960 410 960
Organometallics Hg/kg dw
Monobutyltin 540 > 43800
Dibutyltin 910 130000
Tributyltin 47 320
Tetrabutyltin 97 > 97
Organic Chemicals Hg/kg dw Hg/kg dw (except *) Hofkg dw
2,4-Dimethylphenol 29 29 29 29
2-Methylphenol 63 63 63 63
4-Methylphenol 260 2000 670 670 670 670
Benzoic acid 2900 3800 650 650 650 650
Benzyl alcohol 57 73 57 73
Dibenzofuran 200 680 15* 58" 540 540
Phenol 120 210 420 1200 420 1200
N-nitrosodiphenylamine 11* 11 28 40
Phthalates Hg/kg dw mg/kg OC uglkg dw
Bis(2-Ethylhexyl)phthalate 500 22000 47 78 1300 1900
Butylbenzyl phthalate 4.9 64| 63 900
Diethyl phthalate 61 110 200 >1200
Dimethy| phthalate 53 53 71 160
Di-n-butyl phthalate 380 1000 220 1700 1400 1400
Di-n-octyl phthalate 39 > 1100 58 4500 6200 6200

& All freshwater SMS values are dry weight normalized.
® Marine SMS values are dry weight normalized for metals and polar organics and normalized to total
organic carbon for nonpolar organics.
° Dry weight normalized AETs can be used when total organic carbon is outside the recommended range
for organic carbon normalization.
> “Greater than” value indicates that the toxic level is unknown, but above the concentration shown.
* Dibenzofuran and N-nitrosodiphenylamine SMS values are mg/kg OC.
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Table 8-1. Marine and freshwater sediment chemical criteria for protection of the benthic community

(continued).

SMS Freshwater SMS Marine Sediment” | Marine Sediment AETs®
Sediment®

Analyte SCoO | cSL SQS/SCO | CSLISIZMax SCO | CSL/SIZMax
Pesticides Harkg dw mg/kg OC Hglkg dw
beta-Hexachlorocyclohexane 7.2 11
Carbazole 900 1100
Dieldrin 4.9 9.3
Endrin ketone 8.0 *
Total Aroclors 110 2500 12 65 130 1000
Total 0, 0' and p,p' DDDs 310 860
Total o, o' and p,p' DDEs 21 33
Total o, o' and p,p' DDTs 100 8100
Polycyclic Aromatic Hydrecarbons Hgfkg dw mglkg OC Hgfkg dw
Total PAHs 17000 30000
LPAH 370 780 5200 5200
Naphthalene 99 170 2100 2100
Acenaphthylene 66 66 1300 1300
Acenaphthene 16 57| 500 500
Fluorene 23 79 540 540
Phenanthrene 100 480 1500 1500
Anthracene 220 1200 960 960
2-Methylnaphthalene 38 64 670 670
Total HPAH 960 5300 12000 17000
Fluoranthene 160 1200 1700 2500
Pyrene 1000 1400 2600 3300
Benz[a]anthracene 110 270 1300 1600
Chrysene 110 460 1400 2800
Total benzofluoranthenes 230 450 3200 3600
Benzola|pyrene 99 210 1600 1600
Indeno[1,2,3-c,d]pyrene 34 88| 600 690
Dibenzo[a,h]anthracene 12 33 230 230
Benzo[g, h,ilperylene 31 78 670 720
Bulk Petroleum Hydrocarbons myg/kg dw
TPH-Diesel 340 510
TPH-Residual 3600 4400
Chlerinated Organics ug/kg dw mglkg OC ug/kg dw
1,2,4-Trichlorobenzene 0.81 1.8 31 51
1,2-Dichlorobenzene 2.3 2.3 35 50
1,4-Dichlorobenzene 31 9 110 110
Hexachlorobenzene 0.38 2.3 22 70
Hexachlorobutadiene 3.9 6.2 11 120
Pentachlorophenol 1200 > 1200 360 690 360 690

& All freshwater SMS values are dry weight normalized.
® Marine SMS values are dry weight normalized for metals and polar organics and normalized to total
organic carbon for nonpolar organics.
°Dry weight normalized AETs can be used when total organic carbon is outside the recommended range
for organic carbon normalization.
> “Greater than” value indicates that the toxic level is unknown, but above the concentration shown.

** No CSL value.
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Table 8-2. Marine biological criteria (SQS/SCO & CSL and performance standards) for each biological

test.

Sediment Cleanup
Cleanup Screening
Performance Standard Objective / Level / SIZyay
Sediment
Biological Test Quality
Endpoint Control Reference Standard
Amphipod
Mt > 25% B o
Absolute My '\gﬁ d> 30%
10-Day mortality Mc < 10% Mg < 25% and M- vs. Mg SD
Mt vs. Mg SD (p =0 05)
(p = 0.05) '
Larval
Bivalve or Nt/ Ng <0.85 Nt/ Ng > 0.70
echinoderm and and
abnormality Nc/1>0.70 Nrvs. Ng SD Nrvs. Ng SD
/mortality (p=0.10) (p=0.10)
Juvenile
Polychaete
0 MIGT/ MIGR < MIGt/ MIGR <
Neanthes 20-day Mc < 10% T0 70 ® To 50 ®
and MIGr/ MIG. > ' '
growth MIG¢> 0.72 0.80 and and
mg/individual-day ’ MIG+ vs. MIGg MIG+t vs. MIGg
(or Case-by-case) SD (p = 005) SD (p = 005)
Microtox
Microtox ML;/ MLg < 0.80
decreased Case-by-case Case-by-case and
luminescence y y MLt vs. MLg SD
(p =0.05)

C = Control; R = Reference; T = Test; F = Final; M = Mortality; N = Normal Survivorship expressed as
actual counts; | = Initial count; MIG = Mean Individual Growth Rate expressed in mg/ind/day AFDW?*;
ML = Mean Light output; BLD = Blank Corrected Light Decrease; SD = Significantly Different.

An exceedance of the criteria requires a statistical significance at p = 0.05 for Amphipod, Juvenile
Polychaete, and Microtox tests.
An exceedance of the criteria requires a statistical significance at p = 0.10 for the Larval test.
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Table 8-3. Marine biological tests, species, and applicable endpoints.

Acute effects Chronic effects
Species/Class, biological test, and endpoint biological test biological test
Amphipod
¢ Rhepoxynius abronius
e Ampelisca abdita
e Eohaustorius estuarius
10-Day mortality X
Larval
e Crassostrea gigas (Pacific oyster)
e  Muytilus (edulis) galloprovincialis (Blue mussel)
e Strongylocentrotus purpuratus (Purple sea urchin)
o Dendraster excentricus (Sand dollar)
Mortality/abnormality | X |
Juvenile Polychaete
Neanthes arenaceodentata
20-Day growth | | X
Microtox
Vibrio fisheri
15-Minute exposure; decreased luminescence | | X
Benthic infauna
e Three major taxa, including
o Class Crustacea
o Polychaeta
o Phylum Mollusca
X
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Table 8- 4. Freshwater biological criteria (test performance standards and SCO/CSL interpretation
criteria) for each biological test.

Biological test Performance standard Sediment Cleanup
dooint n ; Cleanup Screening
endapoin Control Reference Objective® Level®
Hyalella azteca
10-Day mortality Mc < 20% Mg < 25% Mr—Mc > 15% | My — Mg > 25%
28-Day mortality Mc < 20% Mg < 30% M:—=Mc >10% | My—Mc > 25%
. MIGc > 0.15 MIGg > 0.15 MIGT/ MIG: < | MIG;/ MIGe <
28-Day growth mg/individual mg/individual 0.75 0.6

Chironomus dilutus

10-Day mortality Mc < 30% Mg < 30% Mr— Mg >20% | Mr—Mc > 30%
] MIGc > 0.48 MIG:/ MIGe< | MIGT/ MIGe <
10-Day growth mg/individual RF/CF2038 0.8 0.7
20-Day mortality Mc < 32% Mg < 35% Mr—Me>15% | Mr—Mc > 25%
] MIGc > 0.60 MIGT/ MIGe < | MIGT/ MIGc <
20-Day growth mg/individual RF/CF208 0.75 0.6

M = Mortality; C = Control; R = Reference; T = Test; F = Final; MIG = Mean Individual Growth at time

final; mg = milligrams.

*These tests and parameters were developed based on the most updated American Society for Testing

and Materials protocols.

’Reference performance standards are provided for sites where the department has approved a
freshwater reference sediment site(s) and reference results will be substituted for control in comparing

test sediments to criteria.

°An exceedance of the sediment cleanup objective and cleanup screening level requires statistical

significance at p = 0.05.

SCUM lI

August 2012

Page 8-13





Chapter 8

Table 8-5. Freshwater biological tests, species, and applicable endpoints. These tests and parameters
were developed based on the most current American Society for Testing and Materials and EPA
protocols for establishing appropriate biological tests.

Acute Lethal
effects effects
Species, biological biological Chronic effects biological Sub-lethal effects
test, and endpoint test biological test test biological test
Amphipod:
Hyalella azteca
10-Day mortality X X
28-Day mortality X X
28-Day growth X X
Midge:
Chironomus dilutus
10-Day mortality X X
10-Day growth X X
20-Day mortality X X
20-Day growth X X
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Figure 9-1. SMS framework for establishing sediment cleanup standards, WAC 173-204-560.

9.1 Introduction

At this point in the cleanup process, all of the RI activities outlined in Chapters 2-6 will have
been completed, including development of the conceptual site model, identification of COCs,
field sampling and analysis, and data compilation. This chapter presents methods for assessing
risk to human health and higher trophic level species from bioaccumulative CoCs to establish
risk-based sediment concentrations. The framework for establishing sediment cleanup standards
is detailed in Figure 9-1. The focus of this chapter is on implementing WAC 173-204-561
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(establishing cleanup levels for protection of human health) and WAC 173-204-564 (establishing
cleanup levels for protection of higher trophic level species).

Risks for bioaccumulative chemicals are evaluated with the goal of determining risk-based
concentrations in sediment. However, because risks to humans and higher trophic levels occur
primarily through eating fish and shellfish, concentrations in tissues are an integral part of this
process. Concentrations in tissues that are protective of human health and higher trophic levels
are first determined, and then these concentrations are back-calculated to sediments using site-
specific BSAFs for the purposes of determining risk-based sediment concentrations. In addition,
WAC 173-204-560(6)(b) allows for screening of bioaccumulative CoCs through comparison of
site data to risk-based concentrations in tissues and/or to natural background concentrations in
tissues. Therefore, if bioaccumulative compounds are significant CoCs at a site, it will be helpful
to have a robust tissue data set, both for screening CoCs and to provide risk-based concentrations
that are part of the process of establishing site-specific sediment cleanup standards.

9.1.1 Identifying chemicals of concern

Figure 9-2 details the process for addressing bioaccumulative contaminants discussed in this
chapter. The first step in this process is to determine, based on all of the data collected during the
RI, whether contaminants are present at the site at levels above natural background
concentrations (see Chapter 10 for statistical procedures). This step may be conducted using
tissue data and/or sediment data. If there are no bioaccumulative contaminants at levels above
tissue natural background concentrations, or sediment natural background concentrations if no
tissue data are available, development of bioaccumulation-based sediment concentrations is not
required.

9.1.2 Identifying exposure pathways and receptors

The next step is to further identify exposure pathways of concern for human health and
ecological receptors and update the CSM (see Chapter 2). Human health exposure pathways of
concern typically include ingestion of fish and shellfish and exposure to beach sediments through
incidental ingestion and dermal contact during recreational or clam-digging activities. Other
exposures are occasionally assessed, including exposure to sediments on nets during fishing.

Exposures to ecological higher trophic levels will be present at nearly every site, including fish,
aquatic mammals, and aquatic birds. Sections 9.2 and 9.3 describe these exposure pathways in
greater detail. While it is difficult to imagine a site at which there would be no exposure
pathways at all to either human health or ecological receptors, if that were the case,
bioaccumulation-based sediment concentrations would not need to be developed. Otherwise, the
risk evaluation should continue for the identified exposure pathways and receptors.
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9.1.3 Identifying risk-based concentrations in tissues

In the next step, the lowest risk-based concentration in tissues is identified. Use Section 9.2, Part
A of the equations to identify risk-based concentrations for human health, and the target tissue
level tables in Section 9.3 to identify risk-based concentrations for ecological receptors. The
lowest of these risk-based concentrations should be identified for each chemical. If tissue data
are available for the site, compare the tissue concentrations measured at the site to the risk-based
concentrations to determine the chemicals of concern for the site. Some chemicals may be
screened out at this stage if they do not exceed risk-based concentrations in tissues, at the site
manager’s discretion.

9.1.4 Determining risk-based sediment concentrations

Once bioaccumulative CoCs are identified, two options are available for determining sediment
concentrations. If there is only sediment data for the site, then it is not possible to back-calculate
risk-based sediment concentrations. This is because BSAFs must be developed on a site-specific
basis which requires both sediment and tissue data. In these cases, Option 2 in Figure 9-2 must
be selected. This is a less complex approach in which sediment standards are established at
natural or regional background (whichever applies; see Chapter 7 and 10) for all bioaccumulative
chemicals of concern at the site, or at the PQL if it is higher than background. While it would be
possible to require tissue sampling at all sites, this option provides a cost-effective, more
efficient approach for smaller sites or sites where it is expected that risk-based sediment
concentrations would fall below background.

If tissue data are available for the site, either Option 1 or Option 2 in Figure 9-2 may be selected.
Option 1 allows the added possibility of calculating a site-specific BSAF that can be used to
develop a risk-based sediment concentration based on the risk-based tissue concentration. In
some cases, the risk-based concentration in sediments may be above both background and the
PQL. In these cases it may be more cost-effective to calculate site-specific risk-based sediment
concentrations using a site-specific BSAF approach, described in Section 9.4.

Even if tissue data are available, Option 2 may be selected. This option eliminates the need to
back-calculate risk-based sediment concentrations from tissue concentrations. As noted above
this is a conservative approach that is appropriate when it is likely that risk-based concentrations
would fall below background (e.g., for most carcinogens), when there is not enough data to
calculate a site-specific BSAF, and/or for smaller sites.
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9.2 Evaluating Risks to Human Health: WAC 173-204-
561

The purpose of this section is to present equations for assessing human health risks for chemicals
that exceed natural background concentrations in tissues and/or sediments (chemicals equal to or
below natural background concentrations are screened out). These concentrations are compared
to ecological risk-based concentrations (Section 9.3) to determine which is lower. The lowest of
the risk-based values (human health, ecological risk, and benthic criteria) are then compared to
PQL and background values as shown in Figure 9-1 to set a site-specific sediment cleanup
standard.

9.2.1 Conceptual approach and acceptable risk levels

The approach for calculating risk-based concentrations in tissues for bioaccumulative chemicals
is summarized below:

e Calculate risk-based concentrations for carcinogens

o Calculate the risk-based concentration for the site-specific reasonable maximum exposure
(RME) scenario using a cancer risk level of 1x107® (if one million people were exposed to
a hazardous substance under exposure conditions identical to those presented in this
guidance, then one additional incidence of cancer would be observed within this
population over a lifetime of 70 years).

o If multiple complete exposure pathways or multiple carcinogenic contaminants are
present at the site, then the risk-based concentrations for those carcinogens should be
adjusted downward as necessary to ensure that the total site excess cancer risk is <1x107
(WAC 173-340-571(2)(b)).

o Toxicity values for carcinogens should be identified per the criteria presented in WAC
173-340-571(4)(b).

e Calculate risk-based concentrations for non-carcinogens

o Calculate the risk-based concentration for the site-specific RME scenario using a hazard
quotient (HQ) of 1.

o If multiple complete exposure pathways or multiple non-carcinogenic contaminants are
present at the site that exhibit toxicity on the same target organ (e.g., hepatic, renal,
respiratory, cardiovascular, etc.) or common endpoint (e.g., developmental,
immunological, reproductive, neurological, etc.) or via a common mode of action, then
the risk-based concentrations for these contaminants should be adjusted downward to
ensure that the hazard index (HI) does not exceed 1 (WAC 173-340-571(2)(a)).
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o Toxicity values for non-carcinogens should be identified per the criteria presented in
WAC 173-340-571(4)(b).

9.2.2 Exposure parameters

The exposure parameters presented in this section are based on the default RME scenario
developed in Chapter 2 and should be modified, as appropriate, based on site-specific
circumstances. This default RME scenario is based on tribal consumption of fish and shellfish
(WAC 173-204-561(b)(i)). The default RME scenario exposure parameters used in the equations
are defined in Tables 9-1 and 9-2, and some key parameters are further explained below. These
parameters are provided for informational purposes only and represent Ecology policy only when
stated. The Ecology default RME exposure parameters should be used unless site-specific
information indicates that the default RME exposure parameters are inappropriate.

Fish Consumption Rate (FCR). The FCR is a key parameter in developing risk-based
concentrations that should be evaluated on a site-specific basis to determine if it is
representative of the RME Scenario. The FCR is discussed further in Ecology’s Fish
Consumption Rates technical report (Ecology, 2012).

Body Weight (BW): BW can vary significantly between various exposed populations,
including tribes, Pacific islanders, and the MTCA default for residents of the State. The
MTCA default Method B body weight is 70 kg for adults (WAC) and 16 kg for children
(WAC). However, if site-specific data are available regarding BW they should be evaluated
and incorporated into the development of risk-based concentrations if they are of acceptable
scientific quality and are representative of the RME scenario.

Fish Diet Fraction (FDF): This is the proportion of fish/shellfish in the RME individual’s
diet that is obtained from the site or the general vicinity of the site. The initial FDF for all
sites should be 1 (or 100%). However, this may be reduced, as appropriate, based on:

o The size of the site.

o The species being consumed and whether the site supports, or has the potential to
support, the species.

o Whether the habitat can, or has the potential to, support the established fish consumption
rate.

For example, relatively small sites may have an FDF that is much lower than 1 because the
size of the site is not large enough to provide enough fish/shellfish to sustain the fish
consumption rate for 365 days per year over 70 years (or other exposure frequency and/or
duration for the RME scenario).
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e Site Use Factor (SUF): The SUF represents the percentage of time that a fish/shellfish is in
contact with contaminants at the site. The initial SUF for all sites should be 1 (or 100%).
However, this may be reduced, as appropriate, based on:

o The size of the site.

o The species being consumed and the time it spends at, or in the general vicinity of the site
(or other contaminated sites).

o The home range and migrating patterns of species being consumed.

For example, an RME scenario may include a fish consumption rate based on consumption
of a significant amount of salmon relative to non-migratory fish and shellfish. In this case,
the SUF may be reduced to reflect the fact that the concentrations of contaminants in the
salmon’s tissue are primarily related to sources other than the site. In contrast, the SUF for
shellfish and non-migratory finfish with small home ranges relative to the site should be set
to 1 or close to 1 because the concentrations of contaminants in their tissue are primarily
related to the site. There are multiple methods that can be used to calculate a SUF, including:

o Divide the area of the site by the size (area) of the home range of the fish/shellfish being
consumed (non-migrating species).

o Divide the time the fish spends at the site by the lifetime of the fish (migrating species).

e Exposure Duration (ED): The ED is based on the expected residency in the same household.
The ED for tribal populations is 70 years, which is the number of years a tribal member is
expected to consume fish and shellfish from a specific site. However, this should be adjusted,
as appropriate, based on site-specific data for the exposed population. For example, the ED
for the general U.S. population is 30 years based on an estimate that 90% of the U.S.
population resides in the same household for 30 years (Ecology, 2012).

9.2.3 Equations for calculating human health risk-based
concentrations

Equations 9-3 through 9-6 should be used to develop risk-based concentrations in tissue or
sediment for the consumption of fish and/or shellfish. Equations 9-7 and 9-8 should be used to
develop risk-based concentrations for incidental ingestion of sediment and direct contact with
sediment. Each of the parameters in the equations is described above and further information is
provided in Tables 9-1 and 9-2, including definition, units, and default values.

Risk-based concentrations represent the maximum contaminant concentrations considered
protective of human health. They are calculated by performing a reverse risk assessment where
standard risk assessment equations are rearranged to determine media concentrations rather than
risk. Part A of the equations is used to calculate risk-based concentrations for tissue. Part B
converts this concentration to a risk-based concentration for sediment (see Section 9.4). Both
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Parts A and B may be used for screening CoCs (Chapter 2) or for the risk assessment process
detailed in Figure 9-2.
Equation 9-3. Equation for calculating risk-based concentrations for carcinogens from consumption of

fish and/or shellfish. Valid only for nonpolar organic contaminants (typically those with log K,,, of 5-8,
which includes PCBs, dioxins/furans, organochlorine pesticides, and PAHS).

UL (CR x BW x AT, x UCF) ( Stoc )
= X
Cancer (CPFo x FCR X FDF X EF x ED) SUF x SL x BSAF

7y T

Part A: Calculates a tissue Part B: Converts the tissue risk-based
risk-based concentration concentration to a sediment risk-based
concentration

Equation 9-4. Equation for calculating risk-based concentrations for carcinogens from consumption of
fish and/or shellfish. Valid for contaminants for which Equation 9-3 does not apply (e.g., metals and polar
organic hazardous substances).

UL _ (CR X BW x AT, x UCF) o ( 1 )
cancer = \\ (CPFo X FCR x FD X EF x ED) SUF X BAF
T 1

Part A: Calculates a tissue Part B: Converts the tissue risk-based
risk-based concentration concentration to a sediment risk-based
concentration

Equation 9-5. Equation for calculating risk-based concentrations for noncarcinogens from consumption of
fish and/or shellfish. Valid only for nonpolar organic hazardous substances (typically those with log Ko, of
5-8, which includes PCBs, dioxins/furans, organochlorine pesticides, and PAHS).

UL _ ({(HQ x BW x AT, X UCF X RfDo) y ( Stoc )
Noncancer = (FCR X FDF X EF X ED) SUF X SL X BSAF
Part A: Calculates a Part B: Converts the tissue risk-
tissue risk-based based concentration to a sediment
concentration risk based concentration
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Equation 9-6. Equation for calculating risk-based concentrations for noncarcinogens from consumption of
fish and/or shellfish. Valid for hazardous substances for which Equation 9-5 does not apply (e.g., metals
and polar organic hazardous substances).

(HQ X BW x AT,,. X UCF X RfDo) 1
CULNoncancer = ( )

(FCR X FDF X EF X ED) SUF x BAF
Part A: Calculates a Part B: Converts the tissue risk-
tissue risk-based based concentration to a sediment
concentration risk-based concentration

Equation 9-7. Equation for calculating risk-based concentrations for carcinogens from incidental
ingestion of sediment and dermal contact with sediment.

(CR x BW X AT,,)

IR X AB X CPFo SA X AF X ABS x CPFd
ver— )+ v

CULcancer =

EFxEDx[(

Equation 9-8: Equation for calculating risk based concentrations for noncarcinogens from incidental
ingestion of sediment and dermal contact with sediment.

CUL —I (HQ X BW X ATy,) 1
Noncancer —
LEF X ED X ((Rleo) x (IR X AB)> <( 1 d) % (SA X AFC X ABS))]J
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9.3 Evaluating Risks to Higher Trophic Level Species:
WAC 173-204-564

9.3.1 Introduction

The SMS WAC 173-204-564 addresses risks to higher trophic level species, including
bioaccumulative effects and acute toxicity. This section addresses effects and species that may
not be protected by the marine and freshwater sediment benthic chemical or biological criteria of
WAC 173-204-562 through 173-204-563 (Chapter 8). WAC 173-204-560 establishes the SCO
and CSL according to the framework in Figure 9-1. Ecological risk-based concentrations
protective of higher trophic levels are part of this framework. If the site-specific CSM developed
in Chapter 2 identifies the presence of aquatic or aquatic-dependent species that currently utilize,
may potentially inhabit, or have historically inhabited the sediment cleanup site, then the risk of
bioaccumulative chemicals should be assessed for these species. In a few circumstances, there
may be information regarding documented bioaccumulative effects to ecological receptors that
would trigger a more complex ecological risk assessment, (e.g., addled eggs of osprey or eagles,
musculoskeletal deformities of amphibians, or deformities of external genitalia of mink or otter).
Note that if the site has an upland component, then the MTCA TEE screening values and
guidance apply and should be considered in the evaluation (see Table 9-4).

9.3.2 Ecological risk assessment process

The following process is recommended to evaluate a sediment cleanup site for risks to higher
trophic level species from bioaccumulative contaminants (Figure 9-2):

1) Determine whether and which bioaccumulative chemicals are present at the site. Compare
concentrations for these chemicals in tissues at the site to natural background tissue
concentrations to determine whether concentrations at the site are higher than those in
background areas. If tissue concentrations are lower than or the same as in natural background
areas, then the chemical can be screened out and is not considered a CoC. If tissue concentrations
are higher than natural background concentrations, the chemical may be of bioaccumulative
concern for higher trophic levels.

2) Determine whether there are aquatic or aquatic-dependent species of concern at the site. Table
9-3 identifies representative indicator species and may be used as a screening tool to make this
determination. Alternatively, the Sediment Evaluation Framework Appendix D (RSET, 2009)
can be used to evaluate only the species present at the site, if sufficient information on those
species is available.
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3) Table 9-4 contains target tissue levels for some commonly found bioaccumulative chemicals
to evaluate risks and for comparison to site tissue chemistry. If chemical concentrations in tissues
at the site exceed both natural background and target tissue levels for species found at the site, a
bioaccumulation-based sediment standard must be developed.

4) Compare the ecological risk-based tissue concentration to the human health risk-based tissue
concentration to determine which is lower for each chemical. There are several bioaccumulative
chemicals that may pose a risk to aquatic or aquatic-dependent higher trophic levels at levels
lower than human health risk-based levels:

e Fluoranthene

e Lead

e Mercury

e Pentachlorophenol
e Pyrene

e Selenium

e Tributyltin

The lowest risk-based concentration in tissue for each chemical should be used to calculate the
risk-based concentration in sediment.

9.3.3 Ecological receptors

Table 9-3 lists candidate aquatic and aquatic-dependent ecological receptors for freshwater and
marine systems. Aquatic receptors include fish and invertebrates that may experience acute or
chronic effects due to concentrations in their tissues. The aquatic-dependent species listed in
Table 9-3 are considered “representative” or “sentinel” wildlife receptors for Washington based
on feeding guilds, including several avian and mammalian species that consume large amounts
of fish and/or shellfish. Most of these receptors are found in both freshwater and marine
environments. Depending on the type of water body and the location of the sediment cleanup
site, shorebirds (such as the stilt, avocet or sandpiper) may also serve as representative receptors.
These birds typically consume aquatic invertebrates including insects and crustaceans, which
may bio-accumulate metals and metalloids to a higher degree than fish consumed by
predominantly fish-eating birds. Mammals that commonly feed on crustaceans and fish in
watersheds include river otter, sea otter, and mink.
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9.3.4 Target tissue levels

The Regional Sediment Evaluation Team has developed target tissue levels (TTLs) for
bioaccumulative chemicals to protect a wide variety of aquatic and aquatic-dependent species for
both freshwater and marine systems. Table 9-4 includes TTLs above which adverse effects to the
most sensitive receptor species may result. TTLs specific to individual receptors that may be
present at the site can be found in Appendix H.

The aquatic life TTL represents the bioaccumulative chemical concentration or target level in
tissue that is considered protective of aquatic organisms (fish and invertebrates). These TTLs
were developed using the tissue residue approach and can be applied to both the results of
laboratory bioaccumulation tests and tissue concentrations in field-collected organisms, where
sufficient data is available. For more detail on the development of the TTLs, refer to Appendix D
of the RSET (2009).

The aquatic-dependent species TTLs were derived based on previously established and reported
dietary toxicity reference values for the protection of sensitive life stages of higher trophic level
species. These TTLs represent the bioaccumulative chemical concentration or target level of a
bioaccumulative chemical in prey items such as fish or invertebrates considered protective of
birds and mammals. Thus, contaminants present in prey items at or below the TTL are predicted
not to harm the most sensitive life stages of bird (including eggshell thinning) or mammalian
predators.

9.4 Biota-Sediment Accumulation Factors and
Bioaccumulation Factors

Two of the most important, sensitive, and uncertain parameters included in Equations 9-3
through 9-6 are the BSAF and BAF. BSAFs/BAFs represent the relationship of the hazardous
substance concentration in biota (i.e., their tissues) to the concentration of the hazardous
substance in sediment, and must be calculated on a site-specific basis. BSAFs/BAFs are used to
calculate site-specific sediment cleanup standards from risk-based concentrations in tissues.
There are multiple approaches that can be used to develop BSAFs/BAFs, including theoretical,
empirical, and modeling-based.

9.4.1 Theoretical approaches to developing BSAFs/BAFs

Theoretical BSAFs for organic hazardous substances are based on equilibrium partitioning
between two organic carbon pools (lipids in tissues and sediment organic carbon). BSAFs are
normalized to the organic fraction because there is not much partitioning into/or exposure
through water. Most exposure and movement up the food chain occurs through ingestion of
organic matter or prey items. This relationship is only valid for non-polar organic compounds
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(typically those with log K, between 5 and 8, which includes PCBs, dioxins/furans,
organochlorine pesticides, and cPAHs, among others).

While BSAFs/BAFs derived through this method are widely available in the literature and in
databases, in practice, BSAFs/BAFs are highly site-specific. They are affected by a variety o
factors, such as species present, food web structure, habitat availability and use by biota,
nonlinearity of uptake by species, nonequilibrium environmental conditions, congener mixtures,
seasonal variations, and species-specific lifecycle effects, to name a few. For all of these reasons,
site-specific and species-specific BSAFs for the same chemical or chemical class can vary over
several orders of magnitude. Therefore, Ecology recommends development of site-specific
BSAFs or an alternative approach to setting risk-based sediment concentrations (e.g., natural or
regional background).

9.4.2 Empirical (site-specific) approaches to developing BSAFs/BAFs

BSAFs/BAFs can be measured or estimated on a site-specific basis using a variety of methods
involving collecting samples or conducting bioaccumulation testing at a site. These methods
typically require a considerable amount of paired sediment and tissue data, and may not be
appropriate at smaller sites:

Paired measurements of sediment and tissue concentrations. The BSAF/BAF is the ratio of each
tissue and sediment concentration pair. This approach is most appropriate when the tissue are
stationary and in close association with the sediment, such as for bivalves. Various data
treatments may be used with the distribution of tissue-data pairs to obtain a single BSAF value
for use in setting a risk-based sediment concentration, such as taking an upper confidence limit
on the mean.

Unpaired measurements of sediment and tissue concentrations. Similar to paired observations of
BSAF/BAFs; however, the tissue and sediment concentrations are not paired. Consequently, the
ratio of the average of all tissue data and the average of all sediment data is the BSAF/BAF.
Alternatively, an area-weighted average of both the tissue and sediment data may be used,
preferably over the organism’s home range.

Linear regression. The slope of the linear regression of tissue and sediment concentrations one
way of calculating the BSAF/BAF. The regression line can be constrained to pass through the
origin if it is conservatively assumed that all concentrations in tissue must derive from
sediments. Alternatively, the regression line may be allowed to pass through the y-axis, in which
case, the tissue concentration at a sediment concentration of 0 is assumed to derive from other
sources, such as water- or air-borne sources. Similarly, non-linear regressions may be attempted
to better estimate the true relationship between tissue and sediment concentrations.
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In-situ bioaccumulation testing. In-situ bioaccumulation testing is designed to provide realistic
exposures that preserve the natural setting in which the organisms live. Abiotic elements (e.g.,
light, temperature, currents, etc.) that are lost during laboratory testing can be maintained in-situ.
During in-situ bioaccumulation testing, organisms are placed in or just above contaminated
sediment at the site for a period of time long enough to achieve equilibrium with the
environment. Their body burden is determined upon harvest.

Laboratory bioaccumulation testing. Bioaccumulation testing is typically performed in a
laboratory setting. Contaminated sediment from a site is removed and brought to a laboratory.
Organisms are exposed to the contaminated sediment under controlled conditions. The species
are then harvested and BSAF/BAF can be calculated. This approach is useful if it is suspected
that non-sediment sources may be contributing to tissue burdens at the site.

9.4.3 Modeling approaches to developing BSAFs/BAFs

Modeling approaches to developing BSAFs/BAFs can be resource and data intensive. Therefore,
they are unlikely to be used at any but the largest sites. However, they have been used at some
sites in Washington and are included here as an option, upon approval by Ecology.

Food web modeling predicts the bioaccumulation of hazardous substances in food webs.
Approaches for developing food web models are discussed in detail in Gobas (1993, 2008). The
following are the two main methods of application:

e Using observed distributions of known concentrations of water and sediment as the input
of the food web model to predict concentrations in tissue

e Using known tissue concentrations as the input of the food web model to predict the
concentration in sediment.

9.4.4 General considerations for developing site-specific BSAFs/BAFs

Developing site-specific BSAFs/BAFs involves a number of complexities that should be kept in
mind either as factors to minimize through the sampling and testing design or as sources of
uncertainty in the final values:

e Other sources of contaminants. Contaminants can be released to the environment through
anthropogenic activity via surface water, groundwater, and atmospheric deposition, and may
eventually settle in sediment. Various aquatic organisms exposed to these pathways may
accumulate the contaminants in their tissues through routes other than sediments, including
prey organisms. Using sediment concentrations alone to calculate BSAFs/BAFs may result in
an overestimate of the contribution of sediment to body burdens of hazardous substances in
tissue. It is important to consider whether control of other sources may be needed to
complement sediment cleanup.
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e Lipid content of organisms. Different organisms (e.g., different ages, life stage, sex, and
species) have varying amounts of lipid content in their tissue. Using a single, default lipid
content value for all fish/shellfish results in uncertainty in the BSAF/BAF. Therefore, lipid
content should always be measured when sampling tissues.

e Organic carbon content in sediments. Different sources of organic carbon (e.g. fly ash, black
soot, organic debris) can have different binding capacities for organic contaminants. If the
proportion of anthropogenic sources of organic carbon, such as black soot, is unevenly
distributed across the site, this may increase uncertainty in the BSAF/BAF.

e Tissue processing and analysis. The methods used to process tissue samples prior to analysis
may result in biased and highly uncertain BSAFs/BAFs if standard method(s) are not
employed. For example, standard methods (e.g., purging of sediments from shellfish,
sampling outside of spawning periods, etc.) should be applied in order to minimize bias and
uncertainty.

e Migratory fish species: Use of migratory fish species in BSAF/BAF calculations may result
in significant uncertainty in the BSAF/BAF, which is typically indicated by poor correlations
between localized sediment and tissue concentrations.
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shellfish.
The fish consumption rates are provided for informational purposes. Site-specific fish consumption rates may be
established. The exposure parameters presented in this table are recommended at sediment sites unless site-
specific information indicates the exposure parameters are inappropriate.
Parameter
Abbrev Name Units Suquamish Tribal Adult Tulalip Tribal Adult Columbia River Tribal Adult
TSLCancer or . .
TSL Tissue Screening Level mg/kg Calculated for each hazardous substance
Nonancer
mg/kg
CUL or (mg hazardous
CULca"Ce' Sediment Cleanup Level | substance/ kg Calculated for each hazardous substance
Nonancer sediment) — dry
weight
CR Cancer Risk unitless 1x10°® for individual carcinogens; 10” for multiple carcinogens or exposure pathways
HQ Hazard Quotient unitless 1
. 70 (Average adult body weight)
BW Body Weight ke (WAC 173-340-730 Equation 730-2)
. ) 27,375 (75 years)
ATer Averaging Time days (WAC 173-340-730 Equation 730-2, may be adjusted on a site-specific data)
AT, Averaging Time days 27,375 (75 years)
UCF Unit Conversion Factor g/kg 1000
CPFo (C:FZT)‘” Potency Factor | ¢ /kg-day Chemical-specific (Source: WAC 173-340-571(4)(b))
RfDo Oral Reference Dose mg/kg/day Chemical-specific (Source: WAC 173-340-571(4)(b))
489 186 113
Fish/Shellfish (90™ Percentile based on finfish (90" Percentile based on finfish (90" Percentile based on finfish
FCR Consumption Rate grams/day [anadromous & estuarine] & shellfish; [anadromous & estuarine] & shellfish; [anadromous & estuarine] & shellfish;
P may be adjusted based on site-specific may be adjusted based on site-specific may be adjusted based on site-specific
data. Source: Ecology 2012) data. Source: Ecology 2012) data. Source: Ecology 2012)
FDF Fish/Shellfish Diet roportion 1
Fraction prop (Ecology policy, may be adjusted based on site-specific data)

. . 1
SUF Site Use Factor proportion (Ecology policy, may be adjusted based on site-specific data)
EF Exposure Frequency days/year 365

. 70

ED Exposure Duration Years
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The fish consumption rates are provided for informational purposes. Site-specific fish consumption rates may be
established. The exposure parameters presented in this table are recommended at sediment sites unless site-
specific information indicates the exposure parameters are inappropriate.

Parameter
Abbrev Name Units Suquamish Tribal Adult Tulalip Tribal Adult Columbia River Tribal Adult
gram tissue-lipid
normalized (wet
BSAF Biota-Sediment weight) / gram . Chemical-specific
Accumulation Factor sediment —organic
carbon normalized
(dry weight)
gram tissue (wet
BAF Bioaccumulation Factor weght)/grams Chemical-specific
sediment (dry
weight)
SL E:I’::/tis::llﬁsh Lipid gram/gram 0.03 (or based on site-specific data)
Fraction of Organic . -
Stoc gram/gram 0.025 (or based on site-specific data)

Carbon in Sediment

Tribal consumption rates and body weights were obtained from Ecology’s Fish Consumption Rates Technical Support Document. Washington
State Department of Ecology. Publication No. 12-XX-XX-XXXX. Version 2.0. August 2012. See Appendix C of that document for fish/shellfish
consumption rates and Appendix D for body weights.
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Table 9-2. Recommended exposure parameters for calculating risk-based concentrations from ingestion of sediment and dermal contact with

sediment.
These parameters are provided for informational purposes only and represent Ecology policy only when stated.
The Exposure Parameters presented in this table should be used at all SMS sites unless site-specific information
indicates Exposure Parameters are inappropriate.
Parameter Subsistence Subsistence
Abbrev Name Units Beach Play Child Clam Digging Adult Net Fishing Adult
E::&”wor Tissue Screening Level mg/kg Calculated for each hazardous substance
Nonancer
mg/kg (mg
hazardous

CULCancer or

Sediment Cleanup Level

substance/ kg

Calculated for each hazardous substance

CULnonancer sediment) — dry
weight
CR Cancer Risk unitless 1x10°
HQ Hazard Quotient unitless 1
16
. (May be adjusted based on site- 70 70
BW Body Weight ke specific data. Source: WAC 173-340- (WAC 173-340-730)) (WAC 173-340-730))
740(5))
AT, Averaging Time days 27,375 (75 years)
AT, Averaging Time days (Basedon a6 y:e;izgposure may be 10,950
adjusted based on site-specific data.) (Based on a 30 year exposure, may be adjusted based on site-specific data.)
UCF Unit Conversion Factor ;‘r;?l/)kg (mg soil to kg 1,000,000
41 119
(May be adjusted based on site- (May be adjusted based on site-
specific data. Assume 3 days/week 120 specific data. Current value is based on
EF Exposure Frequency days/year P ) : > cay (May be adjusted based on site- P N
during school vacation, and 1 specific data) conversation between Ecology and
day/week for 5 weeks from mid- P Muckleshoot Tribe Assistant Harvest
September to end of October) Manager.)
6 70
ED Exposure Duration years (lY!ay be adjusted based Aon site- (May be adjusted based on site-specific data. Source: WAC 173-340-730,
specific data. Current value is based on Equation 730-1)
a 2 to 8 year old child) q
50
100 (Current value is based on USEPA’s
. 200 . , Standard Default Exposure Factors but
R Ingestion Rate me/day (WAC 173-340-740 Equation 740-2) (Current value is based on USEPA's adjusted downward to reflect
Standard Default Exposure Factors) . K .
sediment contact associated with net
fishing)
Gastrointestinal . . .
AB Absorption Eraction Unitless Default is 1. However, may use 0.6 for mixtures of dioxins/furans.
(soil) P Source: WAC 173-340-745 (Equation 745-5)
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Table 9-2. Continued.

These parameters are provided for informational purposes only and represent Ecology policy only when stated.
The Exposure Parameters presented in this table should be used at all SMS sites unless site-specific information
indicates Exposure Parameters are inappropriate.
Parameter Subsistence Subsistence
Abbrev Name Units Beach Play Child Clam Digging Adult Net Fishing Adult
CPFo (C:r’;?)e' Potency Factor | e_day Chemical-specific (Source: WAC 173-340-571(4)(b))
RfDo Oral Reference Dose mg/kg/day Chemical-specific (Source: WAC 173-340-571(4)(b))
i 2,200 3,160 3,160
SA Dermal Surface Area cm (WAC 173-340-740 Equation 740-5) Current value is based on the head, Current value is based on the head,
hands, and forearms of an adult male. hands, and forearms of an adult male.
0.6
. . 0.2 Current value is based on geometric 0.02
AF Sediment to Skin mg/cm’-day Current value is based on geometric mean value of adult in wet soil Current Current value is based on geometric
Adherence Factor . .o ) ) Lo
mean value of child playing in wet soil. value is based on staged activity in mean value of adult grounds keeper.
intensive soil contact.
May use chemical-specific values or the following defaults (Source: WAC 173-340-745 [Equation 745-5]):
Dermal Absorption . 0.01 for inorganic hazardous substances
ABS Fraction unitless . 0.0005 for volatile organic compounds with vapor pressure 2 benzene
. 0.03 for volatile organic compounds with vapor pressure < benzene and for mixtures of dioxins/furans
. 0.1 for other organic hazardous substances
Chemical-specific derived by (CPFo/Gastrointestinal absorption fraction (Gl) (unitless)), where:
. Gl = 0.2 for inorganic hazardous substances;
CPEd Cancer Potency Factor kg-day/mg . Gl = 0.8 for volatile orga.nic compounds and mixtures of dioxins/furans;
(dermal) . Gl = 0.5 for other organic hazardous substances; or
. chemical-specific Gls.
Source: WAC 173-340-745 (Equation 745-5)
Chemical-specific derived by (RfDo*Gastrointestinal absorption fraction[Gl] [unitless]), where:
. Gl = 0.2 for inorganic hazardous substances;
. Gl = 0.8 for volatile organic compounds and mixtures of dioxins/furans;
RfDd Dermal Reference Dose meg/kg-day . Gl = 0.5 for other organic hazardous substances; or
. chemical-specific Gls.
Source: WAC 173-340-745 (Equation 745-5)
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Table 9-3. Aquatic-dependent wildlife representing indicator ecological receptors.

Common Aquatic-dependent Wildlife Scientific Name Dominant Food Items
Receptors in Freshwater and Marine
Systems
Birds
Great Blue Heron Ardea herodias Fish, crustaceans, small mammals
Belted Kingfisher Ceryle alcyon Fish and crayfish
Hooded Merganser Mergus serrator Small fish and invertebrates
Black-Necked Stilt Himantopus Aquatic (including emergent) insects,
mexicanus small fish
American Avocet Recurvirostra Mostly crustaceans and insects
americana (including emergent)
Spotted Sandpiper Actitis macularia Aquatic insects, mollusks, worms,
crustaceans
Bald Eagle Haliaeetus Fish, fish-eating and non-fish eating
leucocephalus birds, some mammals
Osprey Pandion haliaetus Fish
Mammals
North American River Otter * Lutra canadensis Fish predominantly; also
crustaceans (crayfish)
American Mink * Mustela vision Crustaceans (crayfish), fish
Northern Sea Otter * Enhydra lutris lutris | Marine shellfish and invertebrates
Harbor Seal Phoca vituluna Marine fish, salmon,
macroinvertebrates
Orca Whale” Orcinus orca Fish, marine mammals

*, Predominantly a freshwater species. #, Predominantly a marine species.
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Table 9-4. Target tissue level (TTL) values representing risk-based concentration for biota.

Protective risk- Protective risk-
. based concentration | MTCA TEE
based concentration . .
. . . S for aquatic- Screening
Bioaccumulative Chemical for aquatic life |
ecological receptors dependent Values
ecological receptors (mg/kg)
(mg/kg ww)
(mg/kg ww)

Arsenic 2.7 7
Lead 2 50
Mercury 0.11 0.02# 0.1
Selenium 7.9 0.35 0.3
Tributyltin 0.02 8.2
Fluoranthene 3.8
Fluorene 410 30
Pyrene 3.8
Hexachlorobenzene 17
Pentachlorophenol 0.001# 8.1 3
Total chlordanes 0.26 1
Total DDTs 0.09 0.01 0.75
Dieldrin 0.09 0.07
Total PCB Aroclors 1.4 0.04 0.665
Dioxins/furans/coplanar PCBs TEQ 5.0E-07# 2.00E-06

Values for individual receptors are presented in Appendix H. Details of the calculation of these values are
available in the Sediment Evaluation Framework Appendix D (SEF 2009).
#, Values are below tissue analytical detection limits.

*, Lipid normalized.
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Are bicaccumulative chemicals of concern presentatth e site at levels greater than background? ‘

Are human health andior ecological exposure _ Bioaccumulation-based
routes present? > stan dard_s are not
required.

Yes

Abioaccumu lation-based sediment stan dard isrequired. Tissue data available? ‘
Yes

Determinethe lowest risk-based concentration in tissue, con sidering all ‘ o to Option 2. ‘
exposure pathways present. Then choose Option 1 or 2.

Option 1 Option 2

1.1 Calculate risk-based sediment concentration based on the lowest 21 Establish sedimentcleanup standard at
tissue risk-based concentration . sedimentbackground concentration or

FQL, whicheverishigher
1.2The sediment risk-based concentration is comparedto sediment

background concentration and PQL {section 9.4} 225C0OIshighestof:
+  Sedimentnatural background
1.3 5C0O s highestof; + PQL
+ Riskbasedconcentration
+  Sedimentnatural background 23 CSLishighestof:
+ PQL +  Sedimentregional background
+ POL

14 CSLishighestof:
+ Riskbasedconcentration
+  Sedimentregional background
+ POL

Figure 9-2. Ecological and human health assessment process for evaluating sediment sites for risks to
higher trophic level species and human health from bioaccumulative contaminants.
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Figure 10-1. SMS framework for establishing sediment cleanup standards, WAC 173-204-560.

10.1 Introduction

This chapter presents methods for determining both natural and regional background that will be
used throughout the cleanup process. The SMS rule allows the SCO and CSL to be established at
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natural and regional background, respectively, if the risk-based concentration and PQL are lower
than background. At this stage in the cleanup process, background sediment and/or tissue
chemical concentrations will need to be established based on the process outlined in Section 10.2
below, unless Ecology has already developed or approved natural or regional background
concentrations for the area.

10.1.1 Definitions
10.1.1.2 Natural background
The definition of natural background in the SMS rule is the same as in the MTCA rule.

WAC 173-204-200(27): Natural background means the concentration of a hazardous substance
consistently present in the environment that has not been influenced by localized human
activities. For example, several metals and radionuclides naturally occur in the bedrock,
sediment, and soil of Washington state due solely to the geologic processes that formed these
materials and the concentration of these hazardous substances would be considered natural
background. Also, low concentrations of some particularly persistent organic compounds such as
polychlorinated biphenyls (PCBs) can be found in surficial soils and sediment throughout much
of the state due to global distribution of these hazardous substances. These low concentrations
would be considered natural background. Similarly, concentrations of various radionuclides that
are present at low concentrations throughout the state due to global distribution of fallout from
bomb testing and nuclear accidents would be considered natural background.

10.1.1.3. Regional background

The concept of regional background is unique to the SMS rule. Regional background differs
from natural background as it is intended to include concentrations of chemicals that are not
necessarily “globally” distributed but are from nonpoint source stormwater and other diffuse
sources. It differs from MTCA area background, as defined in WAC 173-340-200, as it is not
intended to include chemical concentrations from localized, identifiable sources such as
identifiable discharges or cleanup sites. Regional background is defined as follows:

WAC 173-204-200(5): Regional background means the concentration of a contaminant within a
department-defined geographic area that is primarily attributable to diffuse nonpoint sources,
such as atmospheric deposition or storm water, not attributable to a specific source or release.
Regional background is generally expected to be greater than or equal to natural background, and
less than area background as that term is defined in WAC 173-340-200.

Regional background will be established by the department in areas where concentrations are
elevated above natural background according to the following:
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In areas where regional background has not already been established, the liable person may
be required to provide samples or demonstrate that sufficient data exist to calculate regional
background. The department will determine if the data is sufficient to establish a regional
background concentration and if the data are representative of the department-defined
geographic area, such as an embayment or watershed.

Samples used to calculate regional background cannot be from areas with an elevated level of
contamination due to the direct impact of known or suspected contaminant sources, including
but not limited to areas within a sediment cleanup unit or depositional zone of a discharge.

If a water body is not beyond the direct influence of a significant contaminant source,
Ecology may use alternative geographic approaches to determine regional background for a
contaminant. Several factors must be evaluated when determining an alternate geographic
approach including:

o Proximity of sampling locations to the site to ensure that the site is not directly
influencing regional background concentrations.

o Similar geologic origins as the site sediment to ensure that naturally occurring chemical
concentrations are similar.

o Similar fate and transport and biological activities as the site.

o Chemical similarity with the site to ensure similar grain size, conventional chemistry, etc.

Statistics: Ecology is currently working to determine the appropriate statistical
analyses, number and type of samples, and analytical methods for establishing
regional background on a case-by-case basis.

PLACEHOLDER FOR FUTURE GUIDANCE UPDATES

Placeholder for future guidance updates

10.1.2 Using background concentrations

Natural background can be used for the following:

Establishing the SCO if the concentration is higher than the risk-based concentrations and
PQL (WAC 173-204-563(3); Chapter 7).

Screening chemicals of concern at a cleanup site. Both sediment and tissue background
concentrations can be used for this step (WAC 173-204-560(6); Chapters 2 and 9).
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¢ Identifying clusters of low concern that do not need further investigation or evaluation.
Sediment background concentrations are used for this step ((WAC 173-204-510 and 173-
204-520; Chapter 2).

o Establishing site specific sediment cleanup standards. Sediment background concentrations
are used as sediment cleanup standards, but tissue concentrations can be used to support
sediment cleanup standard determinations (WAC 173-204-560; Chapter 9).

e Evaluating compliance with cleanup standards. Both sediment and tissue background
concentrations can be used for this step (WAC 173-204-560(6); Chapter 15).

Regional background can be used for the following:

e Establishing the CSL if the concentration is higher than risk-based concentrations and PQL
(WAC 173-204-563(4); Chapter 7).

e ldentifying clusters of potential concern as sediment cleanup sites for further investigation
and evaluation. Sediment background concentrations are used at this step (WAC 173-204-
510 and 173-204-520; Chapter 2).

e Establishing site specific sediment cleanup standards. Sediment background concentrations
are used as sediment cleanup standards, but tissue concentrations can be used to support
cleanup standard determinations (WAC 173-204-560; Chapter 9).

e Evaluating compliance with cleanup standards based on regional background. Both sediment
and tissue background concentrations can be used for this step (WAC 173-204-560(6);
Chapter 15).

10.2 Establishing Background Concentrations

10.2.1 Establishing regional background: Methods and results from case studies
PLACEHOLDER FOR FUTURE GUIDANCE UPDATES

Ecology engaged in an advisory group process from 2009 through 2011 to discuss proposed
SMS rule revisions including the issue of establishing background. The group(s) advised
Ecology to lead the process of establishing both natural and regional background for
bioaccumulative chemicals. Ecology is currently developing methods for accomplishing this task
and is in the initial stages of drafting sampling plans for a select number of embayments in Puget
Sound to establish regional background. The short-term goal is to have sufficient data for
dioxins/furans, PCBs, cPAHSs, mercury, and arsenic to establish natural background in Puget
Sound and regional background in a limited number of embayments by July 2013. The long-term
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goal is to continue this process for all of Puget Sound and in freshwater rivers where applicable
throughout the state.

10.2.2 Statistical calculations

The statistics proposed for use as the natural background SCO and the regional background
CSL are undergoing further evaluation and testing to ensure an appropriate balance between
protectiveness and feasibility (see Chapter 15 for more detail). Alternative statistics are also
being evaluated and will be finalized with the final guidance document.
PLACEHOLDER FOR FUTURE GUIDANCE UPDATES

10.2.2.1 Natural background statistics

The statistic derived from the natural background population proposed for use as the natural
background-based SCO and in compliance evaluations is the 95" Upper Confidence Limit
(UCL) on the mean (95" UCL).

10.2.2.2 Regional background statistics

The statistic derived from the regional background population proposed for use as the regional
background-based CSL and for compliance evaluations is the 90/90 Upper Tolerance Limit
(UTL), which is also the bright-line criterion specified in the SMS (WAC 173-204-510 and 173-
204-520) for identifying potential cleanup sites. In areas where there is not an elevated regional
background, the natural background concentration may be used to identify sites.

10.2.2.3 Sampling and statistics

When sampling background populations, the physical boundaries of the background area need to
be identified based on best professional judgment, knowledge about local point and non-point
sources, and chemical transport mechanisms. A representative, random and independent set of
samples from within the boundaries of the background area is needed to generate appropriate
statistics. In order to perform distributional tests and estimate summary statistics, Ecology
recommends a minimum of 10 detected observations, so laboratory DQOs should be sufficiently
stringent to achieve low detection limits.

Sometimes background concentrations, particularly regional background, must be described by
compilations of multiple data sets collected at different times and for various study objectives.
With this type of data there may be non-randomness, non-independence, and more than one
population represented. The background summary statistics required (e.g., 95" UCL on the mean
or 90/90 UTL) assume that the data are an independently and identically distributed (i.i.d.)
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random sample from the population of interest. If these basic assumptions are violated, then the
simple statistics may be biased (high or low), and the variance poorly estimated. The compiled
datasets will need to be evaluated to determine if they meet the i.i.d. assumption and, if not,
efforts should be made to obtain an independent random data set from the background area of
interest.

10.2.2.4 Statistical evaluation of background data

Ecology will make a case by case determination whether a data set is sufficient to establish
background. After this has been established, natural and regional background data sets should be
evaluated and summarized using the following process (in most cases, this evaluation will be
conducted on a programmatic basis by Ecology). Note: for the following examples in ProUCL,
selected procedures/parameters are shown in parentheses.

Step a. Using ProUCL (or equivalent statistical software), evaluate:

i.  The distributional form of the background data set(s). Use the Goodness-of-Fit tests
within ProUCL (Goodness-of-Fit > G.O.F. Statistics).

E ProUCL 4.0 - [WorkSheet.wst] i
oyl File Edit Configure Summary Statistics ROSEst. NDs Graphs Outlier Tests {Goodness-of—ﬁt Hypothesis Testing Background UCL Window Help

glel Blam ol iaa
|
Navigation Panel | 0 1 2 3 T 7 8 3 10

Name I
i WorkSheet . wst 1

ii.  Evaluate the graphical displays to look for unusual data points or outliers (Graphs >
Multi-Q Q) as well as formal outlier tests (Outlier Tests > compute).

52 ProUCL 4.0 - [WorkSheet.wst]

o] File Edit Configure Summary Statistics ROSEst.NDsiGraphs Outlier Tests Goodness-of-Fit Hypothesis Testing Background UCL Window Help

olelsl=(m o) |

Navigation Panell 0 1 Mult-QQ  » VIR 5 (- 7 8 9 10
Name l | \ " WithNDs

53 WorkSheet. wst 1 i

Step b. Any extreme values identified should be critically evaluated as they can greatly influence
the background summary statistics. The decision to include extreme values may be made
when the value(s) are believed to be representative of the background area but sampling
was insufficient to capture the full range of values. This may occur if the extreme values
are within the range of other similar or comparable background data sets. The decision to
exclude extreme values may be made when the value(s) are unprecedented and the policy
choice is to err on the conservative side (i.e., lower concentrations).
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Step c. For a natural background data set:

i. Calculate the 95™ upper confidence limit (UCL) on the mean using the most
appropriate parametric or non-parametric option (UCL > All). ProUCL will make a

recommendation as to the “Potential UCL to Use.” This is the natural background-
based SCO.

8yl File Edit Configure Summary Statistcs ROSEst.NDs Graphs | Outlier Tests Goodness-ofFit Hypothesis Testing Background UCL Window Help
olel Belm| ol e
Navigation Panel I 0 1

[ i
Name l I

i3 WorkSheet. wst 1

Step d. For a regional background data set:

i. Calculate the 90/90 upper tolerance limit (UTL) (i.e., the 90% upper confidence limit
on the 90™ percentile) using the most appropriate parametric or non-parametric option
(Background > All > Options: Confidence Level = 0.90, Coverage = 0.90, k values =
1, bootstrap = 2000). Choose the parametric UTL based on the best fit distributional
assumption (from Step a) or alternatively one of the non-parametric UTLs. This is the
regional background-based CSL and is the same bright-line criterion specified in the

SMS WAC 173-204-510 and 173-204-520 and Chapter 2 for identifying potential
cleanup sites.

File Edit Configure Summary Statistics ROSEst.NDs Graphs Outlier Tests Goodness-ofFit Hypothesis Testing | Background UCL Window Help

ﬁllﬁ{")' %|§|| Full (/o NDs) Background Statistics » |

crpos Normal
Navigation Panel l Gamma
Name I S
# WorkSheet wst 0 1 2 3 4 5 6 7 8 T8 et
0 4.0 —_—
I—= 1 0
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FAPralich a0 N D
File Edit Configure Summary Statistics ROSEst, NDs Graphs Outlier Tests Goodness-of-Fit  Hypothesis Testing  Background UCL  Window Help
gl ®|8lml ol
Navigation Panel I
Name | 8 worksheet.wst I
3 WorkSheet.wst 0 1 2 = 4 5 6 7 8 9 10
0 d.0
1 1 0
2 2 1
il sclect Variables - Tl
4 S
= Variables Selected
5 | Neme ID Count Name D Count
_7 0 0 13
— [ bockground stotstics optons
_1"; ConfidenceLevel [ 090
11
12 Coverage | 03
13
14 Different or Future K Values | 1
18
16 i
7 Number of Bootstrap Operations | 2000
18
18 oK | Cancel |
L
2 %
— [ Aabicna |

Note that ProUCL should only be used for data sets that represent an independent random
sample from a single population. If the background data set is not a single stable population
and/or includes correlated samples that are not independent, then a more involved background
evaluation should be used. Ecology is currently evaluating options for conducting such
evaluations.

10.3 Comparison of Site Data to Background Chemical
Concentrations

Chapter 2 provides information for conducting an initial screening to identify bioaccumulative
chemicals of concern that should be carried through the RI/FS process. Chapter 9 provides
follow up information for conducting a final screening of bioaccumulative chemicals of concern
once the RI is complete. The process in Chapter 9 demonstrates how to establish both human
health and ecological risk-based concentrations that will be compared to background
concentrations. Chapter 15 discusses compliance monitoring evaluations using background-
based cleanup standards.
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10.3.1 Screening chemicals of concern using natural background

Once sufficient site data is developed, then the site data (sediment and tissue) are compared to
natural background concentrations for each detected bioaccumulative chemical. If the site data
for each bioaccumulative chemical are below natural background, it is not a chemical of concern.
This comparison can be conducted by distributional comparisons of either sediment or tissue
data sets. The 95™ UCL on the mean of the site and background data are compared as well as the
upper tails or outliers of the distribution.

Alternatively, if the lowest risk-based concentration (for benthic, human health risk, and
ecological risk) for each bioaccumulative chemical is higher than natural background, the site
data are compared to this risk-based concentration for screening.

This process is further detailed in Chapters 2 and 15.

10.3.2 Screening chemicals of concern using regional background

Regional background may be used to screen chemicals of concern for identifying station clusters
of potential concern as cleanup sites that require further investigation and evaluation. If each of
three stations in a cluster exceeds regional background concentrations for the same
bioaccumulative chemical, it is a cluster of potential concern. However, regional background is
not used to screen chemicals of concern out of the RI/FS process once a cleanup site has been
identified for that particular chemical.
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Figure 11-1. SMS framework for establishing sediment cleanup standards, WAC 173-204-560.

11.1 Introduction

This chapter describes an approach for developing sediment cleanup standards based on practical
quantitation limits (PQLS) and considerations when setting sediment cleanup standards based on
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PQLs at sediment sites. The SMS requires that sediment cleanup standards be established at
concentrations that are the highest of 1) the risk-based concentration (the lowest risk-based
concentration for protection of both ecological and human health), 2) natural background, and 3)
the PQL (Figure 11-1).

Human health risk-based sediment cleanup standards based on the seafood ingestion pathway are
frequently below both natural background concentrations as defined in the SMS (WAC 173-204-
200) and PQLs. This is particularly true for carcinogenic chemicals even in
nonanthropogenically impacted areas of Puget Sound and other parts of the state, including
dioxins/furans, PCB congeners, carcinogenic PAHs, mercury, and arsenic. With increasing
emphasis on protection of human health for sediment cleanup, it is likely this will be an issue at
the majority of sediment cleanup sites contaminated with bioaccumulative chemicals.

Under the SMS and MTCA rules, the PQL is defined as follows (WAC 173-204-200):

. the lowest concentration that can be reliably measured within specified limits of
precision, accuracy, representativeness, completeness, and comparability during routine
laboratory operating conditions, using department approved methods.

The MTCA rule also requires that, where the PQL is used as a cleanup level, it must meet the
more stringent of the following conditions (WAC 173-340-707(2)(a) and (b)):

e The PQL is no greater than ten times the method detection limit (MDL).

e The PQL is no greater than that established by the U.S. EPA and used to establish
requirements in 40 CFR 136, 40 CFS 141-143, or 40 CFR 260-270.

This section of the guidance is not intended to limit site-specific selection of individual
laboratories or PQLs during remedial investigations or compliance monitoring for purposes of
analysis, quality assurance, and data interpretation. The following applies only to the
development of sediment cleanup standards based on PQLs. Analytical PQLs used during the
RI/FS or for monitoring may differ from the PQL-based sediment cleanup standards; please see
Section 6.1 for a discussion of analytical PQLSs during the remedial investigation.

11.2 Approaches to Setting PQL-Based Sediment
Cleanup Standards

The following approach is recommended to identify, select, and apply PQL-based sediment
cleanup standards at sediment cleanup sites under the SMS:

e Definitions. The PQL will continue to be defined as in the SMS rule. When conducting
surveys of laboratories, Ecology will take care to understand the various levels the
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laboratory may be using and how they relate to the rule definition. In general, Ecology is
seeking to identify the lowest level at which each laboratory can reliably quantify the
chemical concentration on a method-specific basis, as distinguished from either a
contract-required reporting limit or a sample-specific quantification limit.

e ldentifying PQLs in Current Use. To identify the commercially available range of PQLS
from which PQL-based sediment cleanup standards will be derived, Ecology will
periodically survey Ecology-accredited laboratories for a chemical or chemicals of
interest (e.g., see Appendix F). Information on all available analytical methods will be
requested. Ecology will request that method-specific MDLs and PQLs be provided that
represent what the laboratory can actually and routinely achieve using each method that it
runs for that chemical.

e Programmatic Approach for Developing PQL-Based Sediment Cleanup Standards. On a
program-wide basis, Ecology will review the available PQLs and identify a representative
value from the distribution of PQLSs that is reasonably achievable and reliably attainable
by most accredited laboratories using appropriate analytical methods. Ecology may
choose not to include particularly high PQLs (e.g., that represent EPA CLP contract-
required reporting limits) or particularly low PQLs (e.g., that only a few specialty or
research labs can achieve) in the distribution. For chemicals that are identified program-
wide to have high human health or ecological risks at natural background or PQL
concentrations, a more sensitive commercially available method may be used to establish
the distribution of PQLs.

To select a specific PQL-based cleanup standard, a central tendency value such as a
median or mean of the distribution will in most cases be used and rounded to one
significant digit. For compound classes that are normally reported as TEQs (e.g.,
dioxins/furans/coplanar PCBs, carcinogenic PAHSs), PQL-based sediment cleanup
standards will also be reported as TEQs by applying the appropriate TEFs to the PQLS
for individual congeners and summing them. As required by MTCA, this value will be no
more than 10 times the MDL and no higher than the EPA CLP. However, it may not
always be possible in practice for the PQL to be 10x the MDL, particularly given the
evolving nature of these definitions in the industry. PQL-based sediment cleanup
standards for such chemicals would be developed on a case-by-case basis using the latest
available science.

Ecology will make each chemical-specific evaluation available through appendices to this
guidance document and/or Sediment Management Annual Review Meeting Clarification
Papers. In general, analytical PQLs should be reviewed every 3-5 years to ensure that
they are still accurate and that sediment cleanup standards derived from them are still
appropriate.
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o Site-Specific Approach for Selecting a PQL-Based Sediment Cleanup Standard or a
Sediment Cleanup Standard below the PQL. PQL-based sediment cleanup standards, as
with other sediment cleanup standards, are selected at the end of the RI process, and do
not necessarily reflect the PQLs used during the RI for analytical purposes. Site managers
may require site-specific PQLs during the RI for the purposes of laboratory selection,
data analysis, quality assurance, and data evaluation. Such analytical PQLs may be higher
or lower than the PQL-based sediment cleanup standard, depending on the conceptual
site model and other site-specific considerations.

There may be circumstances in which a site manager needs to select a site-specific PQL-
based sediment cleanup standard that is different from the programmatic PQL-based
standard, for example:

e If a new method or improvement to a method comes into widespread
commercial use.

e |f the existing programmatic PQL-based sediment cleanup standard for a
chemical is more than 3-5 years old.

e |If a PQL-based sediment cleanup standard has not been developed for a
chemical of concern at the site.

e |If the sediment matrix at the site is sufficiently unusual to affect the
achievable PQL.

e The conditions in WAC 173-340-830(2)(e) apply.

In these cases, the programmatic PQL-based sediment cleanup standards may need to be
updated or established and the site manager should work with the program to update the
PQL-based sediment cleanup standard needed for the site using the process above (or a
simplified version of it for one or a few chemicals).

e Comparison of Natural Background or Risk-Based Concentrations to PQLs. In
determining whether the sediment cleanup standard should be based on PQLs under the
SMS, the site manager will determine whether the risk-based concentration and/or natural
background concentration is below the programmatic PQL (Figure 11-1). These
comparisons will be based on bright-line values rather than distributions, e.g., the statistic
representing natural background that would be selected as the sediment cleanup standard
is compared directly to the PQL-based sediment cleanup standard to determine which is
higher.
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11.3 Using PQL-Based Sediment Cleanup Standards

The MTCA rule requires that sites at which the cleanup level was set at the PQL shall undergo
periodic reviews, and that the availability of improved analytical techniques should be
considered during the periodic review (WAC 173-340-707 (4)).

To avoid the need for reconsideration during periodic review, a site manager may wish to set a
sediment cleanup standard below the PQL on a site-specific basis if it would provide greater
finality or protectiveness (e.g., based on human health risk, protection of endangered species, or
natural background). This can be accomplished in one of two ways:

e Ecology and the liable party may negotiate a sediment cleanup standard between the
MDL and the PQL based on natural background or environmental/human health risk.

e A cleanup action may be selected that would achieve any reasonably foreseeable
sediment cleanup standard (e.g., dredging to native sediments).

Site managers should carefully consider the implications of selecting a PQL-based sediment
cleanup standard, including the possibility that the PQL may fall over time to below natural
background or risk-based levels. An understanding of how decisions or actions could change if
this occurs during the periodic reviews would be important to reach in cooperation with the
PLP(s) prior to finalizing the Cleanup Action Plan.

Once established, PQLs are treated like any other bright-line site-specific sediment quality
standard, with the exception of the 5-year periodic review. See Section 15.1 for a discussion of
methods for evaluating compliance with PQL-based sediment cleanup standards.
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Chapter 12
Establishing Site Boundaries and Sediment
Cleanup Units: WAC 173-204-550(6) and (7)

12.1 Introduction

The final step in completing the Remedial Investigation (RI) is to establish the boundaries of the
site and sediment cleanup units to carry forward into the Feasibility Study (FS). The boundaries
of the site should include all areas that exceed the site-specific cleanup standards (see Chapters
7-11). Within these site boundaries, the site may be further divided into areas called “sediment
cleanup units.” In 2012, the SMS was revised to further address the ability to manage larger sites
by delineating sediment cleanup units. Due to the presence of ubiquitous, bioaccumulative
chemicals in sediment, the size of sites can be too large to effectively clean up as one site (WAC
173-204-500(4)(a)).

A sediment cleanup unit is an area within a cleanup site that may be remediated separately from
other areas of the site and/or may have different cleanup standards. WAC 173-204-200(47)
defines “sediment cleanup units” as “discrete subdivisions of a sediment site designated by the
department for the purpose of expediting cleanups. A sediment cleanup unit may be established
based on unique chemical concentrations, environmental, spatial or contaminant source
characteristics, or other methods determined appropriate by the department (for example
development related cleanups, cleanup under piers, cleanup in eelgrass beds and cleanup in
navigational lanes.”

The interpretation of this rule language is simplified and demonstrated in this chapter. The
decision to divide a site into sediment cleanup units can be based on physical, chemical, and
biological factors that affect the practicality and implementability of the cleanup action
alternatives, the cost of the cleanup action alternatives, the environmental benefits of restoration,
the adverse environmental impacts of active cleanup, and the potential risks to human health and
the environment. Each of these factors is discussed below, followed by an example to show how
these factors can be used to identify sediment cleanup units. Sediment cleanup units
preliminarily identified in the Rl may be further refined in the FS based on more detailed
analysis.
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12.2 Physical Factors

Physical factors at a site, such as structures, water depth, and sediment dynamics, may influence
the range of cleanup action alternatives that are practicable and implementable.

e Structures. Areas containing structures such as piers, riprap, and bulkheads are
potentially more difficult to remediate because these structures may interfere with
equipment used in dredging and capping sediments. Conversely, these structures may
provide physical support for nearshore fill alternatives. Underground structures such as
bridge supports, sewer lines, gas lines, and communications cables can also limit
dredging alternatives. Other physical debris, such as logs or sunken metal debris, may
need to be removed before dredging can be performed or during dredging, and may limit
the choice of dredging technologies (e.g., debris may make hydraulic dredging
infeasible).

e Water depth. Water depth is also an important factor affecting the technical feasibility of
certain cleanup action alternatives. For example, dredging alternatives are effectively
limited to depths of 200 feet or less. Alternatives that include habitat mitigation may be
most appropriate for intertidal or nearshore areas. Finally, navigation lanes or small ship
and boat traffic passing through the site may preclude the use of alternatives that include
sediment caps due to the potential to affect the integrity of the cap.

e Sediment dynamics. An additional factor that should be considered when developing
sediment cleanup units is the depositional or dispersive nature of the site. Dispersive or
erosional environments with high-velocity currents or turbulence (either natural or
created by ship traffic) are less appropriate candidates for capping than nondispersive
areas. Depositional environments may allow capping, but may also interfere with habitat
mitigation by altering the shape of the shoreline or by depositing fine particles onto
coarser grained substrate. Alternatively, high depositional areas may be good candidates
for monitored natural recovery as a cleanup action alternative.

12.3 Chemical Factors

At an otherwise uniform site, differing levels of chemical contamination may require different
remedial alternatives. Isolated areas of high contamination may be actively remediated (possibly
using treatment), while larger surrounding areas of low contamination may be allowed to recover
naturally. Areas that are chosen to be actively remediated may also be based on chemical
concentrations associated with unacceptable risks to human health or the environment. These
risks and associated cleanup standards may vary in different parts of the site, e.g., in intertidal
areas where people may be exposed directly to sediments or where sedentary organisms such as
shellfish live vs. subtidal areas where exposure is primarily through ingestion of fish. Finally,
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options for disposal of dredged sediments may vary depending on the level of contamination in
the sediments.

12.4 Biological Factors

Biological resources within the site are important considerations for identifying sediment
cleanup units. Certain habitats and biological resources such as eelgrass beds and rocky bottom
habitats may be very slow to recover or may not be completely restorable. In these areas, the
adverse environmental impacts of cleanup may outweigh the environmental benefits. After
considering environmental impacts and benefits, these areas may be left to recover naturally,
rather than impacting them through active cleanup.

Other areas that may recover quickly or can be restored to their original state may be considered
for active cleanup and/or habitat restoration. In addition, areas in which humans or aquatic life
are more likely to be exposed (therefore the risk is higher) to high levels of contaminants may be
remediated differently from those areas where the risk is lower. For example, areas that provide
habitat for juvenile salmonid prey or areas where humans come into physical contact with
sediments may require special attention.

12.5 Regional Sites and Sediment Cleanup Units

In some areas of the state (e.g., urban bays) contamination from a variety of different sites and
sources are co-mingled, creating one large site. These sites have widespread lower-level
contaminant concentrations (typically in the subtidal areas) as well as higher contaminant
concentration areas (typically in the nearshore) with a greater variety of contaminants nearer
source areas. In such areas, sediment cleanup units may be identified that are associated with
individual facilities and the contaminants associated with them (WAC 173-204-500(4)(a)). These
sediment cleanup units may be remediated separately from other sediment cleanup units and
from the more widespread lower-level contamination. This approach allows nearshore high-
concentration areas to be addressed along with source control at those facilities, which is
expected to improve concentrations over time throughout the larger site. Liable persons in such
areas should work closely with Ecology to identify a sediment cleanup unit(s) for which they are
responsible and contributing, if appropriate, toward cleanup of the larger site through a
settlement fund.

12.6 Example of Sediment Cleanup Unit Identification

Figure 12-1 shows an example of a relatively complex site at which division of the site into
sediment cleanup units would be appropriate. Sediment Cleanup Unit #1 is a nearshore area
under and around a pier for which access is difficult. Sediment Cleanup Unit #2 is a navigation
lane, in which capping alternatives would not be feasible. Sediment Cleanup Unit #3 is a
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nearshore environment with a thriving kelp bed, in which capping or dredging alternatives may
cause significant long-term adverse environmental impacts. Sediment Cleanup Unit #4 is soft-
bottom, subtidal habitat between 20 and 200 feet deep, which could be considered the baseline
condition for sediment sites and does not have any special restrictions on cleanup alternatives.
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Figure 12-1. Example of sediment cleanup units.
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Chapter 13
Selecting Remedial Action Alternatives: WAC
173-204-570

13.1 Introduction

As part of the Feasibility Study (FS) report, remedial action alternatives are developed and
evaluated for use at the site. This chapter describes the remedy selection requirements and
alternatives and technologies available for cleanup of contaminated sediments. Remedial actions
involving dredging and open-water disposal of sediments should be developed and performed in
coordination with the Dredged Material Management Program.

13.1.1 Remedy selection requirements (WAC 173-205-570(3))
The minimum requirements for sediment cleanup actions are:

e Protection of human health and the environment.

e Compliance with applicable state, federal, and local laws.

e Compliance with sediment cleanup standards in WAC 173-204-560.

e Use of permanent solutions to the maximum extent practicable (WAC 173-204-570(4)).

e Reasonable restoration time frame with preference for alternatives that restore the site sooner
(WAC 173-204-570(5)).

e Source control measures, if applicable, with preference for source control measures more
effective at minimizing contamination.

e Compliance with SRZs in WAC 173-204-590.

e Compliance with institutional controls. However, cleanup action shall not rely primarily on
institutional control and monitoring.

e Opportunity for affected landowners and the public to review and comment must be
provided.

e Compliance monitoring.

e Periodic review when applicable.
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Additional requirements for cleanup actions include:

e A reasonable restoration time period (WAC 173-204-570(5)).

® Ecology’s written approval of the cleanup actions.
13.1.2 Elements of aremedy
Major elements of a remedial action for sediments may include:

e Site use restrictions (lease restrictions, no-anchor zones, etc.).

e Source control measures to reduce or eliminate ongoing releases of substances and to
prevent recontamination of sediments after cleanup, including:

e Cleanup of upland facilities.
e Regulation of wastewater discharges.
e Implementation of stormwater and industrial pretreatment requirements.

e Active cleanup actions such as dredging, capping, confined disposal, and enhanced
natural recovery.

o Natural recovery of areas of the site with relatively low levels of contamination in which
active cleanup actions are not practicable, through chemical degradation and deposition
of clean sediments.

e Maintenance and monitoring to characterize the effectiveness of source control, active
cleanup, and natural recovery.

Cleanup action alternatives should address the interrelationship of these remedy elements,
particularly with respect to timing. Site use restrictions should be in place before and during the
cleanup, and should continue as long as contaminants are left onsite that could pose risks to
human health and the environment. Source control should be timed appropriately to ensure that
sediments are not recontaminated above cleanup standards following active cleanup and that
natural recovery can proceed. Sediment monitoring should continue as long as sediments remain
contaminated above the site-specific cleanup standards, and contingency plans should be
included to provide corrective action if natural recovery or active cleanup does not meet the
cleanup standards once the time of compliance has been reached (or if expected natural recovery
is not occurring).

13.2 Development of Cleanup Action Alternatives

Alternatives for sediment cleanup are generally composed of one or more remedial technologies
(e.g., dredging, capping, monitoring natural recovery) that may have specific technology options
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(e.g., mechanical or hydraulic dredging). Technologies may be combined to form an overall
cleanup action alternative for a site or sediment cleanup unit. For example, the dredging of
deeper deposits of highly contaminated sediments followed by capping of dredged residuals and
lower contamination ar

Identification of applicable remedial technologies should initially consist of a broad evaluation of
the applicable remedial technologies that are available. Site-specific conditions greatly influence
the number of cleanup technologies that will be effective at a particular site. Cleanup
technologies may be eliminated from further consideration on the basis of technical
implementability or environmental impact and effectiveness. In general, technologies that clearly
cannot be implemented at the site or that cannot meet the cleanup standards for the site should be
screened out. This screening step relies on information obtained during the R1 and considers the
following information:

e Physical or biological environment. Natural recovery may not be possible in areas that
receive little or no sedimentation, particularly for persistent, bioaccumulative
contaminants. Dredging may not be appropriate for areas with sensitive biological
resources (e.g., productive shellfish beds, eelgrass beds) that would be harmed by the
action and would not recover quickly.

e Contaminant concentrations and distribution. Large volumes of low-level contamination
are not as amenable to treatment or dredging as localized areas of high-level
contamination.

Once technology screening is conducted, several different cleanup action alternatives should be
assembled from the remaining technologies for each site or sediment cleanup unit, ranging from
the most preferred (active cleanup) to the least preferred (natural recovery) alternatives. This
allows a complete evaluation and comparison of the benefits, technical practicability, and costs
of a wide variety of alternatives for each area of the site.

13.2.1 Remedial Technologies and Cleanup Action Alternatives for
Sediments

The following sections describe technologies that can be used in combination to form remedial
alternatives for sediments.

13.2.1.1 Source control

Source control, in combination with other cleanup technologies, is a necessary and critical part of
any sediment cleanup action alternative where sources have not already been controlled. Sources
to be addressed may include but are not limited to:
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e Upland contamination and continued pathways to sediments, including groundwater,
surface water, point discharges, airborne contaminants, and erosion.

e Point sources, permitted or unpermitted.

e Likely ongoing sources of spills and waste material discharges, such as refueling, bulk
loading, and log rafting areas.

e Creosoted pilings and structures.

e Diffuse area-wide sources, including air emissions and deposition, neighboring sites and
discharges, and upstream sediments.

13.2.1.2 Dredging and Disposal

Removal of sediments from the aquatic environment is a common approach to addressing
sediments and waste materials that require remedial action. Removal of subtidal sediments is
typically conducted with a barge-mounted clamshell dredge, while intertidal sediments can be
excavated under lower-tide conditions using upland-based equipment.

A number of site-specific operational conditions influence the effects of environmental dredging
of contaminated sediment on aquatic systems. Resuspension of contaminated sediment and
release of contaminants generally always occur during dredging and contaminated sediment
residuals will remain following operations, which can affect the magnitude, distribution, and
bioavailability of the contaminants and the exposure and risk to receptors of concern. Dredging
residuals have been shown to be particularly problematic at sites with considerable debris
(Patmont and Palermo, 2007). Even after decades of sediment remediation project experience,
there are still substantial uncertainties in our understanding of the cause-effect relationships
relating dredging processes to risk reduction (EPA, 2005; Bridges et al., 2008, 2010).

Where dredging is anticipated, residuals management strategies should be considered.
Considerable experience from prior dredging projects shows that the historical approach of using
multiple cleanup passes to address residuals is ineffective. More recently, sediment remedies
have incorporated a residuals management strategy that entails placement of a post-dredge clean
cover, e.g., a nominal 6-inch-thick layer of clean sand.

Due to the uncertainty of the depth of removal in many areas that have mainly been sampled
with surface samples, it is appropriate and consistent with current sediment FS practice to “scale
up” estimated dredge volumes from neatline calculations. Based on a review of historical
sediment cleanup projects, appropriate scaling factors are considered to be 1.5 to 2 times the
neatline estimate of dredge volumes. Removal volumes should also include a 1-foot overdepth
allowance on the neatline dredge volumes. This volume may then be further scaled up by a factor
of 1.5 to accommodate potential uncertainty in actual distribution of potential contamination, and
considering engineering factors such as side slopes and level cuts that would be implemented
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during remedial design development, consistent with recent Corps guidance (Palermo et al.,
2008).

Dredged sediments may be managed and disposed of in a variety of ways. Under the SMS,
beneficial reuse is the preferred option, followed by treatment, upland disposal, and open-water
disposal.

Beneficial Reuse

Beneficial reuse opportunities for certain types of waste or sediment occasionally exist, such as
upland soil amendment or construction fill. In the case of wood waste, debris would need to be
screened out, larger pieces chipped, and salt rinsed (i.e., “sparged’) from the material prior to
upland reuse. Some sediment may have levels of contamination low enough that they could be
disposed of in upland areas without exceeding cleanup standards.

Treatment

Treatment options for sediments removed from the site are limited, particularly due to
complicating factors such as salt in marine sediments, the need for dewatering, and the frequent
presence of debris such as wood waste or sandblast grit. Ex situ treatment of wood waste using
relatively low-cost sparging technologies has been demonstrated as a method to remove salt from
the material to facilitate beneficial reuse of these materials. However, in order to be cost-
effective, ex situ treatment by sparging requires a significant upland space available adjacent to
the project site for up to 1 year while sparging is performed. While other remedial technologies
such as thermal desorption, incineration, and stabilization could potentially be applied, such
technologies are substantially more expensive than off-site landfill disposal, and many of these
technologies have limited effectiveness for sediment.

Upland Disposal

For debris and sediments that are not suitable for open-water disposal, upland disposal at a
permitted municipal or private landfill (e.g., construction debris landfill or Subtitle D landfill)
may be necessary. Sediments excavated using water-based equipment could be loaded on a
barge, and could potentially be shipped directly to a Canadian landfill, or to a barge-truck-rail
transloading facility for shipment to a United States landfill with rail access. Alternately, if space
permits, an on-site offloading and staging area could be set up to process sediments and debris,
and load this material into trucks for off-site transport and disposal.

Open-Water Disposal

For those sediments that are determined by the DMMP/RSET to be suitable for open-water
disposal, such sediments may be transported by bottom-dump barge for disposal at an
unconfined open-water disposal site. DMMP/RSET testing and suitability determinations are
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generally required during remedial design to verify the suitability of materials for open-water
disposal, even if core sampling has previously been conducted.

13.2.1.3 In situ treatment

In situ treatment entails the direct application or placement of amendments into the sediment
and/or mixing reagents with the sediment cap substrate to reduce the bioavailability of certain
contaminants. Selection of appropriate in situ treatment requires evaluation of available process
options to determine which amendments and distribution methods are likely to be most effective
for site sediment and COCs. Typical application involves the placement of activated carbon (AC)
or other types of reagents that bind certain organic and/or metal contaminants. In situ treatment
has been applied at sediment cleanup sites using one of five process options at the field pilot
scale, including:

e Mechanical mixing of amendments into shallow sediment.
e Slurry placement of the amendments onto the sediment surface.

e Mixing amendments with sand, and placing the blended materials using methods similar
to the EMNR or containment technology discussed above.

e Sequentially placing amendments under a thin sand cover.

e Broadcast application of amendments in a pelletized form to improve settling
characteristics (e.g., SediMite™); the pellet matrix subsequently degrades, allowing the
AC to slowly mix into surface sediments through bioturbation).

Of the amendments available, AC has received more testing and evaluation than organoclays,
particularly with respect to sediment remediation, because the sorption capacities for PAHSs,
dioxin/furans, and other chemicals in AC are at least an order of magnitude higher than other
sorbents.

13.2.1.4 Engineered containment (capping)

Engineered containment for sediments involves placing a suitable cap to isolate contaminated
material for protection of the biological receptors of interest (e.g., benthic infauna, forage fish,
crabs). In the aquatic environment, the cap must be designed to withstand erosive forces
generated by wave action and propeller wash, and must be thick enough to provide the required
isolation of the material contained by the cap.

Placing a layer of cap material (1-3 feet thick, depending on location-specific biological
requirements) can provide isolation of potentially contaminated sediments. Caps in nearshore
areas should be designed to be compatible with habitat goals for the site (elevation and surface
substrate). Aggregate caps (e.g., with a gravel surface) may potentially be appropriate for
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consideration in sediment areas with high potential for disturbance (e.g., from propeller wash or
wind-generated wave forces).

Sediment caps should be constructed of clean silt/sand and/or sand and gravel materials and can
be placed by a number of mechanical and hydraulic methods. Cap material can either be
provided from a beneficial reuse dredging project or from a commercial quarry in cases where
beneficial reuse material would not provide the appropriate grain size. Grain size requirements
are determined during remedial design based on consideration of erosive forces (e.g., wind/wave,
propeller wash) and habitat compatibility, and would likely vary depending on elevation and
location.

Cap design criteria are set forth in EPA and Corps design guidance, including EPA (2005) and
Palermo et al. (1998a, b). These guidance documents provide detailed procedures for cap design,
cap placement operations, and monitoring of engineered caps, and have been relied upon
extensively for successful cap designs at SMS cleanup sites. Caps designed according to the EPA
and Corps guidance have been demonstrated to be protective of human health and the
environment (EPA, 2005).

13.2.1.5 Enhanced monitored natural recovery

Enhanced monitored natural recovery (EMNR) involves active measures, such as the placement
of a thin layer of suitable sand or sediment, to accelerate the natural recovery process. EMNR is
often applied in areas where natural recovery may appear to be an appropriate remedy, yet the
rate of sedimentation or other natural processes is insufficient to reduce potentially unacceptable
risks within an acceptable timeframe (EPA, 2005) and/or the chemicals present are persistent and
not expected to degrade. The acceleration of natural recovery most often occurs due to burial
and/or incorporation and mixing of the clean material into the contaminated surface sediments
through bioturbation and physical mixing processes. Other recovery processes can also occur
such as binding of contaminants to organic carbon in the clean material, particularly if the
material is from a clean sediment source with naturally occurring organic carbon. Placement of
such EMNR materials is typically different than capping, because it is not designed to provide
long-term isolation of contaminants. Clean sand or sediment can be placed in a relatively
uniform thin layer over a contaminated area or it can be placed in berms or windrows, allowing
natural sediment transport processes to distribute the clean material over wider areas. As with
MNR, EMNR includes both monitoring and contingency plan components to verify that
recovery is occurring as expected, and to respond accordingly if it is not.

EMNR sediment ideally would be obtained from a clean beneficial reuse (typically navigational
dredging) sediment source to ensure maximum compatibility with and the quickest recovery of
the benthic community. The availability of clean material from beneficial reuse projects changes
over time, and thus the availability of sources must be evaluated during remedial design. If
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material is only available on a limited basis each year, this may extend the implementation
timeline of projects that require larger volumes of EMNR sediments.

13.2.1.6 Monitored natural recovery

Natural processes fundamental to the recovery of contaminants in sediments include
sedimentation and biodegradation. The monitored natural recovery (MNR) remedy relies on
these processes to reduce risks to acceptable levels following source control, while monitoring
recovery over time to verify success (Magar et al., 2009). The CSM depicts how specific natural
recovery processes operate at the site to reduce risk, and forms the basis for evaluating natural
recovery processes during remedy selection.

MNR lines of evidence can be developed from rigorous analyses of site data (e.g., laboratory and
field studies, modeling, and other activities) that define the role of natural processes in reducing
risk. Key factors for determining whether MNR is an appropriate remedy include the ability to
achieve and sustain an acceptable level of risk reduction through natural processes within an
acceptable period of time. Predicting future natural recovery rates requires site-specific inputs to
models, such as the net sedimentation rate or chemical degradations rates, to quantify processes
described in the CSM. Numerical models can be used to develop estimates of time to recovery
using baseline data to determine likely effectiveness of MNR implementation.

Natural recovery processes operate regardless of the selected remedy. Effective sediment
remedies may incorporate MNR in combination with approaches such as capping and dredging.
Factors particularly favorable to MNR include evidence that natural recovery will effectively
reduce risks within an acceptable time period (such as a high sedimentation rate), the ability to
manage risks during the recovery period, and (where physical isolation is important) a low
potential for exposure of buried contaminants.

Under SMS, a 10-year time frame is normally considered acceptable for natural recovery. Where
natural recovery time frames are expected to be greater than 10 years but there is no practicable
cleanup action alternative, a technical practicability evaluation is required in the FS.

13.2.1.7 Institutional controls

For any aquatic construction project (e.g., dredging), environmental reviews are conducted by
permitting agencies including the Corps, Ecology, and other resource agencies. This includes a
review of site data and imposing requirements to appropriately manage dredged sediment to
protect water quality. These institutional controls are formalized in permit requirements and
generally address conditions and requirements that apply during the remedial action.

Additional institutional controls may be implemented as appropriate, depending on the preferred
cleanup action alternative. Such additional controls could include restrictive covenants for
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platted tidelands, use authorizations for state-owned aquatic lands, and/or documenting the
cleanup action in Corps and regulatory agency permit records and records maintained by the
Department of Natural Resources for state-owned aquatic lands.

Institutional controls can be effective, implementable, and cost-effective provided that the
cleanup action is consistent with marine land and navigation uses. In cases where the proposed
cleanup action is incompatible with land use and navigation uses, conflicts can result that can
jeopardize the effectiveness of institutional controls or require mitigation. Use of aquatic areas is
more difficult to restrict than land uses, as many water and shoreline uses are open to the public
and cannot be easily restricted. In addition, many or most areas of Puget Sound and rivers are
within Usual and Accustomed fishing or shellfishing areas for one or more tribes. Their rights to
collect fish and shellfish in these areas are guaranteed by treaty.

The SMS (WAC 173-204-570(3((h)) does not allow cleanup actions for the site to rely primarily
on the use of institutional controls and monitoring , the use of institutional controls may be
appropriate in combination with other cleanup actions

13.3 Evaluating and Selecting Remedial Alternatives

The minimum requirements listed in section 13.1 includes a requirement that cleanup action
alternatives use permanent solutions to the maximum extent practicable (WAC 173-204-570(3)).
To assess the permanence of cleanup action alternatives, the process and criteria in WAC 173-
340-360, as well as the following hierarchy of alternatives (listed in descending order), should be
used:

e Source control in combination with other cleanup technologies.

e Dredging and beneficial reuse of the sediments.

e Dredging and treatment to immobilize, destroy, or detoxify contaminants.

e In-situ treatment to immobilize, destroy, or detoxify contaminants.

e Dredging and disposal in an upland engineered facility that minimizes subsequent
releases and exposures to contaminants.

e Dredging and disposal in a nearshore, in-water, confined aquatic disposal facility.
e Containment of contaminated sediments in-place with an engineered cap.

e Dredging and disposal at an open water disposal site approved by the department.
e Enhanced natural recovery.

e Monitored natural recovery.

e [nstitutional controls.
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Alternatives retained after screening for the minimum requirements should be further refined as
necessary to allow a more accurate final evaluation. A more accurate definition of the quantities
of sediment requiring capping, removal, treatment, and/or disposal should be calculated based on
the results of the RI.

This step consists of a detailed analysis of the relevant information needed to allow Ecology to
select a preferred remedy. This detailed evaluation relies on data collected during the Rl and on
the results of any lab-scale studies used to assess treatment technologies. During the detailed
analysis, each alternative that passes preliminary screening is assessed relative to specific
evaluation criteria. These criteria should include:

e Overall protection of human health and the environment by eliminating, reducing, or
otherwise controlling risks posed through each exposure pathway and migration route.

e Compliance with cleanup standards and applicable laws, including time required to attain
cleanup standards.

e Short-term effectiveness, including protection of human health and the environment
during construction and implementation of the alternative.

e Long-term effectiveness, including degree of certainty that the alternative will be
successful, long-term reliability, magnitude of residual human health and biological risks,
effectiveness of controls for ongoing discharges, management of treatment residues, and
disposal site risks.

e Ability to be implemented, including the potential for land- owner cooperation, technical
feasibility, availability of disposal facilities, services and materials required,
administrative and regulatory requirements, schedule, monitoring requirements, access
needs, operation and maintenance, and integration with existing facility operations and
other current or potential cleanup actions.

e Cost, including consideration of present and future direct and indirect capital, operation
and maintenance costs, and other foreseeable costs.

e The degree to which community concerns are addressed.
e The degree to which recycling, reuse, and waste minimization are employed.

e Environmental impacts, according to the requirements of Chapter 43.21C RCW, the
SEPA. Discussion of significant short-term and long-term environmental impacts,
significant irrevocable commitments of natural resources, significant alternatives
including mitigation measures, and significant environmental impacts that cannot be
mitigated should be included.

The cleanup action alternatives may include the establishment of a sediment recovery zone
(SRZ; see Chapter 14) if active cleanup actions require a restoration time frame longer than ten
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years. If an SRZ is part of a cleanup action alternative, the following additional criteria must be
addressed as part of the FS:

e The time period during which an SRZ is estimated to be needed, based on an analysis of
source loading and environmental recovery processes.
e The legal location and ownership of property proposed as a SRZ.

e Operational terms and conditions that would be required, including chemical and/or
biological monitoring requirements for the discharge effluent, the receiving water
column, and sediments (see Chapter 15 for monitoring requirements).

e Potential risks posed by the proposed SRZ to human health and the environment.

e The technical practicability of eliminating or reducing the size, degree of contamination,
and/or degree of biological effects within the proposed SRZ.

e Current and potential uses of the SRZ, surrounding areas, and associated resources that
may be affected by releases within or from the proposed SRZ.

e The need for institutional controls or site use restrictions to reduce risks to human health
from the proposed SRZ.

The results of this assessment should be presented in a matrix to compare the alternatives and
identify the key tradeoffs among them. This evaluation serves as the basis for selecting a
preferred cleanup action alternative in the FS report.

Based on the information presented in the FS report, Ecology may select one of the alternatives
described or modify an alternative as necessary. Ecology’s choice of preferred alternatives
should be documented in the final FS with appropriate rationale, such as a scoring matrix and
discussion of other factors considered and the tradeoffs among them.

The cleanup action decision must include the selection of a reasonable time frame within which
the cleanup action must be completed. To determine if a cleanup action has a reasonable
restoration time period the following should be considered:

e Potential or actual risks posed by the site to human health or the environment.

e Practicability of achieving the cleanup standards in less than a 10-year period.

e Current and potential uses of the site, surrounding areas, and associated resources that are
or may be affected by contamination at the site.

o Likely effectiveness and reliability of institutional controls.
e Degree of contamination at the site.

e Ability to control and monitor migration of contamination from the site.
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e Degree of source control and compliance time frame for planned source control actions.

e Natural recovery processes that are expected to occur at the site.

Although a 10-year time frame or less is preferred under the SMS, Ecology may authorize
natural recovery time frames that exceed 10 years if it is not practicable to accomplish cleanup
actions within this amount of time.
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Chapter 14
Sediment Recovery Zones: WAC 173-204-590

Sediment recovery zones (SRZs) are areas where sediments are left in place for monitored
natural recovery and are not expected to recover to the site-specific cleanup standards within a
reasonable restoration timeframe of 10 years. SRZs are not intended to be used in place of active
cleanup where such cleanup is practicable according to WAC 173-204-570.

SRZs may typically be part of the selected cleanup action alternative in the following instances:

e When, because of the presence of widespread, low-level contamination, monitored
natural recovery is determined to be the preferred alternative for cleanup of a site or site
unit based on a determination that active cleanup alternatives are not practicable.

e When greater environmental harm would result through cleanup of the site than would
result if the site were allowed to naturally recover (e.g., in areas with unique or sensitive
resources or areas where resources would recolonize very slowly).

In these situations, SRZs may be authorized for only as large an area as is necessary. It is
expected that source control, best management practices for diffuse sources, and active cleanup
in adjacent areas will all be included in the selected remedy to maintain concentrations in the
SRZ as close to the cleanup standards as possible and allow the best opportunity for recovery.

SRZs are initially authorized for 10 years, and the goal is to achieve natural recovery to the site-
specific cleanup standards within this timeframe. However, SRZs may be reauthorized for
additional 10 year increments if required. The timeframe estimated to be required to achieve
natural recovery to the site-specific cleanup standards should be determined using department-
approved models or other methods and included in the Cleanup Action Plan.

A SRZ must be specifically authorized by Ecology as part of the cleanup action plan and consent
decree. In addition, the approval and cleanup action decision must contain a legal description of
the property proposed as a SRZ, the landowners of the property, and the time period over which
the SRZ is authorized. The site manager at Ecology must make a reasonable effort to notify the
landowner(s) of the affected property and provide information on the SRZ application, as
described in WAC 173-204-590(7). Landowners are given the opportunity to comment on the
proposed SRZ within 30 days.
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Biological and chemical monitoring of sediments, tissue, water, and/or effluent may be required
as part of the SRZ authorization (see Chapter 15) to ensure compliance with the terms and
conditions of the authorization and to monitor the progress of natural recovery.

Should Ecology determine that the terms and conditions of the SRZ authorization have been
violated, or have the potential to be violated, Ecology has four options:

e Require additional chemical or biological monitoring to better determine the potential for
a violation.
e Revise the terms of the SRZ authorization to reflect the needs of the site.

e Require additional cleanup of the site, increased source control, and/or maintenance to
prevent contaminants from migrating out of the SRZ.

e Withdraw authorization of the SRZ.

These options may be applied singly or in combination to best achieve the goals of the Sediment
Management Standards.
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Figure 15-1. SMS framework for establishing sediment cleanup standards, WAC 173-204-560.

At this point in the process, site-specific cleanup standards have been established based on the
process outlined in Figure 15-1. This chapter presents methods for determining compliance with
the established sediment cleanup standards and information needed to develop an appropriate
monitoring program.
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15.1 Determining Compliance with Sediment Cleanup
Standards

Evaluating and determining compliance at a remediated sediment cleanup site (remediated site)
is based on two options, described below. The SMS rule requires a cleanup standard to be
established for sediment, which is the point of compliance. However, tissue chemistry may be
used in a weight-of-evidence approach to evaluate compliance with the sediment cleanup
standard (WAC 173-204-500(4)(e); 173-204-560(6)(b)). Procedures for determining compliance
using tissue concentrations must be approved by the department.

There are two sets of information needed to evaluate a site compliance data set. These are: 1) the
cleanup standard and 2) the site compliance data set.

Compliance monitoring data from the site is evaluated to determine whether it meets the
sediment cleanup standard using one of the following two options (Figure 15-2):

e Option A. Point-by-Point Comparison. All site data and/or detection limits may be
compared directly to the cleanup standard and all stations must be below the cleanup
standard. This approach is required for compliance with standards based on the benthic
freshwater or marine criteria (chemical or biological; see Chapter 8) and for intertidal
sediments where direct contact or more frequent exposures of humans or wildlife to small
areas may occur. This approach may also be appropriate for smaller sites with smaller
data sets or when much of the data set is composed of non-detect values.

e Option B. Comparison Using the Mean. For bioaccumulation-based cleanup standards
based on area-wide exposures to subtidal sediments (e.g., human health or ecological
risk-based, background-based, PQL), the site compliance data set may be evaluated by
comparing the mean of the measured concentrations to the cleanup standard. This
approach reflects the fact that the route of exposure for bioaccumulative chemicals in the
subtidal environment is largely through ingestion of fish (for both human health and
higher trophic levels), and that fish average their exposures over the entire area of
concern. This approach requires a larger data set to be representative of the area of
concern (at least 10 detected values for smaller sites, and 20 or more detected values for
larger sites). If the compliance data were collected through a random sampling design
(see Section 15.2.3), the data may be averaged without manipulation or transformation. If
the data were collected through a non-random sampling design, area-weighted averaging
IS recommended.

When using Option B, all data must be included to calculate the mean, including any data
that appear to be outliers or have higher concentrations. If the resulting mean exceeds the
cleanup standard, contiguous areas with higher concentrations may be set aside for
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further investigation and/or action. The remaining areas should then be retested for
compliance if sufficient data remain to run the test. Additional data may be collected in
the remaining areas. If, on the other hand, higher concentration stations that cause the
mean to exceed the cleanup standard are scattered throughout the site, the site is not
considered to be in compliance. In addition, even if the mean falls below the cleanup
standard, individual outliers may be further investigated at the site manager’s discretion if
there is reason to believe they may be associated with remaining source or hot spot areas.

[Note: Ecology is considering other alternatives for Option B. Evaluating compliance in a
manner that is both environmentally protective and practicable involves selection of an
appropriate statistic to use as a cleanup standard as well as an appropriate statistical method for
evaluating compliance with that cleanup standard. Ideally, compliance would include a measure
of statistical uncertainty such as comparison of an upper confidence limit on the mean to the
cleanup standard. In practice, such a test with an alpha level of 0.1 or 0.2 would result in a high
percentage of failure (e.g., 30-40%) even at sites where the sediments had low concentrations
equivalent to natural background. Option B above has been selected at this time for initial
incorporation into the draft guidance. This is mainly because it results in approximately 90%
probability of compliance when the site concentrations and natural background concentrations
have identical distributions, and reflects the actual nature of biological exposure from the site.

Other alternatives Ecology is currently considering:

e Changing the natural background statistic to the 90/90 UTL, similar to the regional
background statistic. This approach would result in close to 100% probability of
compliance when the site concentrations equal natural background concentrations, using
a compliance statistic that incorporates uncertainty in the mean (e.g., 9OUCL on the site
mean).

e Allowing the upper confidence limit on the site mean to be within some statistically
based margin (referred to as “S”) above the cleanup standard. This approach would result
in varying degrees of compliance probabilities depending on the size of S. The value of S
would be chosen to manage risk such that the probability of compliance was high when
the site mean was below the standard and very low as the site mean increased above the
standard.

Further evaluation of these and other alternatives will be conducted including consideration of
public comments. A final approach will be selected for the final guidance document.]
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15.2 Monitoring

15.2.1 Monitoring objectives

In addition to initial investigations and site characterization, which are described in Chapters 3-6,
there are three general types of monitoring (all of which are the responsibility of the liable
person(s)) that may be need to be conducted for cleanup:

e Source control monitoring. Conducted prior to and following sediment cleanup to
determine how ongoing sources at or near a site may affect the success of active cleanup
and/or natural recovery.

e Post-cleanup monitoring. Conducted following cleanup and/or during natural recovery,
to evaluate active remediation goals and progress toward the site-specific cleanup
standards, i.e., that natural recovery is proceeding at the expected pace.

e Compliance monitoring. Conducted following completion of active cleanup or natural
recovery to demonstrate that the site-specific cleanup standards have been met.
Compliance monitoring must be performed before a site can be considered for delisting.

The monitoring objectives vary with the type of monitoring being conducted, and the design of
the monitoring program varies with site-specific characteristics. All monitoring expected to be
conducted at the site post-cleanup should be described in detail in a Monitoring Plan associated
with the final Consent Decree. This should also include contingency actions if the monitoring
shows that the stated objectives are not met.

15.2.2 Source control and post-cleanup monitoring

There are several different types of monitoring data that can be used to meet the above
objectives:

e Chemical data for site sediments.
e Biological data for site sediments.
e Chemical data for site tissues.

e Chemical data for sources.

e Physical data for sources.

The various types of monitoring data and the potential uses of the data are described in greater
detail below. Methods for designing and conducting field investigations, laboratory testing,
QA/QC, and data analysis and reporting are described in detail in Chapters 3-6.
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Chemical data for site sediments

Sediment chemistry data are important for all types of monitoring. The contaminant
concentrations within a cleanup site, or an authorized SRZ, must be monitored to determine
whether the terms and conditions of the cleanup or SRZ authorization are being met (e.g.,
progress toward natural recovery and the site-specific cleanup standards is on schedule). Surface
sediments may also be monitored near point sources or other areas of potential recontamination
(e.g., upwelling of contaminated groundwater, erosional areas, operational areas such as docks)
to ensure that recontamination to levels or along trends that would result in exceedance of the
site-specific cleanup standards is not occurring.

Biological data for site sediments

Biological monitoring data consists of information on the abundances of naturally occurring
benthic infaunal organisms and the results of sediment bioassays. Such data are used primarily to
confirm the results of sediment chemistry data. Sediments that either achieve or fail the site-
specific cleanup standards based on chemical concentrations may be evaluated using biological
data for compliance with the chemical standards. The results of these biological analyses may
override the results of the sediment chemistry analyses. Alternatively, biological testing may be
used as the primary test of whether site-specific cleanup standards are met in cases where the
standards were based on the numeric biological effects criteria. Benthic community analysis or
other biological monitoring may also be used to assess whether the biological community is
becoming reestablished after active cleanup or restoration actions.

Chemical data for site tissues

Chemical concentrations in site tissues may be collected for bioaccumulative contaminants of
concern that pose risk to human health or higher trophic level species. Tissue chemistry can be
used to 1) determine if concentrations are declining over time to lower risk levels or to
background and 2) compare to either risk-based tissue concentrations or background
concentrations as a screening step and one line of evidence in determining compliance with the
site-specific sediment cleanup standards. Care should be taken when interpreting tissue data to
take into account other potential sources of contaminants to field-collected organisms, such as
water-borne concentrations or prey. See Section 3.3.4 for a detailed discussion of sampling for
tissue data.

Chemical data for sources

Data on the chemical characteristics of sources may be used to predict the effect of ongoing
sources on the success of cleanup and natural recovery. Data on the concentrations of chemical
contaminants in stormwater and/or wastewater may be used with simple screening tools to
determine whether the discharge is likely to result in exceedance of cleanup standards or violate
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the terms of a SRZ authorization. The data required include the concentrations of any of the
CoCs as well as concentrations of particulates and other conventionals in the wastewater. Such
data may also be used as input to water quality models in more detailed analyses. Data on the
concentrations of chemical contaminants in the discharge may also be used to verify that the
discharge is achieving AKART or some other level of source control required as part of site
cleanup.

Physical data for sources

The collection of physical data on the wastewater discharge will likely be necessary if modeling
is used to predict the effects of natural recovery or the success of active cleanup. The types of
physical data likely to be needed include the flow of the discharge (to estimate total loading to
the receiving water), the density of the wastewater (generally calculated from the temperature of
the wastewater), and the concentration of particulates in the wastewater. As indicated above,
modeling can be run with varying degrees of site-specific data. In some cases, default values for
many of the model input variables can be used, while in other cases, detailed site-specific data
are required.

15.2.3 Compliance monitoring for comparison to cleanup standards

The boundaries of the area(s) of concern at the remediated site should be identified in the RI/FS
and Cleanup Action Plan documents. Appropriate random sampling within the remediated site
should be used to obtain an unbiased, representative estimate of conditions at the remediated site
(e.g., systematic random sampling using a grid to achieve fairly even coverage). If there are sub-
areas within the remediated site that require separate exposure estimates and/or compliance
statistics, then one of two options apply:

e If each sub-area will be managed independently, each of the sub-areas is treated
individually from a statistical standpoint. Appropriate random sampling and an
independent compliance evaluation should be conducted for each area.

e If there is only one sediment cleanup unit (or site), but separate estimates of exposure are
needed for one or more sub-areas, then stratified random sampling should be used. An
example of this type of scenario is when a separate estimate of exposure is needed for the
intertidal zone, but the entire bay represented by the subtidal and intertidal areas
combined is a separate unit that must be in compliance. Data from all strata within the
unit or remediated site should be combined to estimate site-wide summary statistics for
the compliance evaluation, using the methods described in Appendix G for stratified
sampling.

If Option B (Section 15.1) is being used, the site compliance data set must have a sufficient
number of observations to be considered representative of the site and identify potential

SCUM II August 2012 Page 15-6





Chapter 15

remaining problem areas. Ecology recommends at least 10 detected values (observations) for
smaller sites and 20 or more detected values for larger sites. Data quality objectives should
establish sufficiently low detection limits to maximize the probability of meeting this goal for
detected concentrations. When this is not possible, Option A may be used instead.
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